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ADVANCED TRANSFORMER DEMONSTRATION AND VALIDATION

SUMMARY REPORT BASED ON EXPERIENCES

AT NAVAL AIR STATION, NORTH ISLAND
SAN DIEGO, CALIFORNIA

1. INTRODUCTION

The Idaho National Engineering Laboratory (INEL) and the Naval Civil

Engineering Laboratory (NCEL) are cooperatively participating in an advanced
transformer demonstration and validation program. This task is part of a

polychlorinated biphenyl (PCB) Mitigation and Risk Management Assessment

Program being performed at the Naval Air Station, North Island (NASNI) in San

Diego, California. This report details the specific lessons learned during
the NASNI installations to date and addresses the advantages and disadvantages

of these transformers for Navy use.

As a part of this program, eight efficient, low-loss cast coil (CC) dry-

type transformers, one vacuum pressure impregnated (VPI) transformer, and one

low-loss amorphous core transformer were installed at the NASNI to replace

existing PCB-filled transformers. The specific advantages and disadvantages

of each type of transformer are discussed in the following sections.



2. BASE HISTORY

The electrical distribution system currently in operation at the NASNI

contains several hundred devices, several of which are filled with PCB-

filled/contaminated insulating fluid. The continued use of PCBs as a

electrical device insulating liquid was outlawed in late 1977, and the NASNI

is faced with retrofilling or retrofitting the remaining PCB devices

(transformers, capacitors, oil switches, and oil-filled circuit breakers).

The PCB transformers are installed in locations including pole mounts,
vaults, and various power distribution system locations; many transformers are

located near the ocean. Transformers near the ocean are sensitive

installations because of the hazardous location and the extreme environmental

risks associated with either transformer fires or leaks involving a PCB

liquid-filled device near or over the ocean. Most of the NASNI boundaries are

surrounded by water. The salt laden air is very corrosive to electrical

devices. These criteria were seriously considered during the replacement
process and new transformers were installed that greatly reduced or eliminated

the safety and environmental concerns associated with the older PCB-filled

units.

The INEL supervised the replacement and load consolidation of 13 PCB

transformers with 10 new advanced technology transformers during this portion

of the Mitigation and Risk Management Program. The locations and sizes of

these units are identified in Table 1.
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Table 1. Locations and sizes of transformers installed during the NASNI
Advanced Transformer Demonstration and Validation Project

BuildinQ Units Removeda Units Installedb Comments

94 1-500 kVA PCB 1-750 kVA CC 2 for 3 replacement

2-112.5 kVA PCB 1-300 kVA CC oil switches removed

342 1-112.5 kVA PCB 1-112.5 kVA CC I for I replacement

378 1-1000 kVA PCB 1-750/1000 kVA CC 3 for 3 replacement
2-500 kVA PCB 2-500 kVA CC

379 3-167 kVA PCB 1-300 kVA VPI 1 30 for 3 10 replacement

472 1-1500 kVA PCB 1-1500 kVA CC I for I replacement

473 1-112.5 kVA PCB 1-112.5 kVA AC 1 for 1 replacement

489 1-1500 kVA PCB 1-1500 kVA CC 1 for I replacement

a. PCB = existing PCB-filled unit.

b. CC = cast coil
AC = air-phous core
VPI = vacuum pressure impregnated.
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3. PROJECT SUPPORT AND ADMINISTRATION

The following sections detail several project support tasks and

administrative elements that were completed during this project.

3.1 Specifications

Two transformer specifications (EG&G ES-51333 Rev. B and ES-51334

Rev. B) were written by the INEL. Specification ES-51333 details the

construction and installation requirements for liquid-filled transformers, and

Specification ES-51334 details the construction and installation requirements

for cast coil and VPI transformer- Data sheets and design details for each

transformer installation were incluaed in both specifications. This enabled

the INEL engineering team to make device selections that met the particular

facility needs and optimized the research element around which this project

was centered. The specifications required the manufacturer to perform some

nontypical factory testing on the new transformers, field testing on the old

transformers being removed, and field testing on the new transformers bLing

installed to support the ongoing advanced transformer evaluation work. The

specifications are included in Appendix A of this report.

Appendix B contains the final acceptance testing reports of the ABB

Service Company 112.5 kVA amorphous core transformer, the National Industri

cast coil transformers, the Square-D 300 kVA VPI transformer, and transformer

schematic drawings.

3.2 Subcontracts

Three subcontracts were awarded during this project. Subcontract No.

C90-132540 was awarded to Square D Company for manufacturer and installation

of one 300 kVA VPI transformer. Subcontract No. C90-132708 was awarded to ABB

Service Company for manufacturer and installation of the nine remaining

transformers. Subcontract No. C90-132830 was awarded to Rollins Chempak for

destruction of the PCB fluid and transformer carcasses. All certificates of

destruction of the PCB fluid and carcasses were issued to the San Diego Public
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Works Center (PWC). Appendix C contains operating and maintenance manuals and

product information for the transformers and their supporting instrumentation.

3.3 Field Office

An INEL field office was established as part of the PCB Mitigation and

Risk Management Program before the transformer installations. This office

served as a common point for the manufacturers and their subcontractors to

coordinate activities with both the Navy PWC and the INEL and supported

coordination with other NCEL tasks being performed concurrently at the NASNI.

3.4 0iality Assurance

Quality assurance is a requirement during both the manufacturing process

and installation. The possible consequences of failures caused by poor

quality assurance can easily exceed the cost of a consistent quality assurance

program. The INEL performed a comprehensive field quality assurance

engineering program during the course of this project. The program included

supervision during factory testing, field testing, and installation of the new

transformers. This program verified that these objectives and specifications

of the retrofit program were adequately met.

3.5 Timing and Coordination

The INEL and NCEL were responsible for project and outage coordination

and planning. INEL and NCEL coordination for this project was minimized

because the contractors delivered a turn-key product. Thus, the riggers,

hazardous waste handlers, and installers were coordinated by the prime

contractors (manufacturers). The Navy PWC and INEL interfaced with the

manufacturers to coordinate the outages and installations.

A majority oT this project was conducted during the Persian Gulf Crisis.

This contributed significantly to the amount of planning required to complete

the changeouts without impacting Base operations. The INEL resident engineers

negotiated facility power outages with the Navy PWC and the manufacturers to
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minimize the impact to the Base. The INEL resident engineers also arranged
base access and clearance for the manufacturers and their subcontractors.

3.6 Documentation

These installations removed and replaced PCB-filled devices with new
high efficiency, new technology transformers. The PWC has been notified, and

it is recommended that both the records of the PWC and the fire department

should be updated to reflect the removal of PCBs from these locations.

3.7 Security

Security is a major concern on the Navy Base. Compliance with security
measures is mandatory and requires a substantial amount of time. Security on

Base was increased substantially during the Persian Gulf Crisis. Proper

procedures were followed to arrange for access and clearances for those

personnel performing the installations. Advance arrangements reduced delays
and made it easier for contractors to obtain access to the installation sites

on Base.

Some facilities have minimum levels of security while others are tightly

controlled. During this project, all operations went smoothly because of the

preplanning and communication with security personnel and the coordination

with the Naval Air Rework Facilities and PWC personnel.
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4. HARDWARE INSTALLATION

4.1 Building 94

The Building 94 installation consisted of removing three existing PCB-
filled transformers (as identified in Table 1) and replacing them with two new

cast coil transformers. The three existing units were removed from

Building 94; they were located on an overhead mezzanine (Pad 2) approximately

35 ft above finished floor. This installation was performed beginning at 1630
hours on September 26, 1990, and concluded at 1630 hours on

September 28, 1990.

Before the outage, the new 750/1000 kVA cast coil dual rated outdoor
unit substation transformer with a new 15 kV primary fused switch was set in
place on a new concrete pad outside of Building 94. The contractor performed

as much electrical work before the outage as the job would allow. This

minimized the outage requirements for the installation.

The 750/1000 kVA transformer has a 2400 V/12000 V reconnectable primary

winding constructed using five sections. The five sections are connected in

series for the 12000 V configuration and in parallel for the 2400 V

configuration. Vertical busses mounted external to the coils are used to make
the series/parallel connections. High voltage taps are provided on the
primary 12000 V configuration only. The unit was installed in the 2400 V

configuration by extending the existing 2400 V feeder from the mezzanine to
the new outside location. The existing 2400 V distribution systems are

currently being upgraded to 12 kV by the Navy. The dual voltage transformers
make the transition from 2400 to 12000 V in the facilities more cost

effective. New secondary switchgear was also installed on this unit

substation to feed the existing loads and the new 300 kVA transformer. The
300 kVA transformer is fed by the 480 V output of the 750/1000 kVA

transformer. The secondary voltage of the 300 kVA unit is 208/120 V and will
be used to feed one existing 208 V panel and one existing 240 V panel. The

INEL addressed the option of providing only 208 V to the 240 V panel with the
San Diego PWC. The PWC stated that all existing 240 V loads would operate

acceptably at the reduced voltage.
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This installation presented the contractor with several unique

difficulties. Most importantly, the existing PCB-filled transformers were

located approximately 35 ft over an aircraft rework facility. Extreme care

had to be taken to protect the adjacent aircraft and shop equipment from any

physical or environmental damage while removing the hazardous waste (liquid

and solid) and installing the new electrical equipment. In addition, with the

conflict in the Persian Gulf, the operations of this aircraft rework facility

were intensified. This placed added pressure on the construction crew to

minimize outage and installation time. Extensive planning was needed to avoid

problems and outage extensions that would have caused significant impact to

the facilities operations.

In spite of several interim problems that were encountered during this

installation, ABB Service Company was able to react quickly to the directions

of the Navy and the INEL field engineer to successfully complete the task.

4.2 Building 342

The Building 342 installation consisted of removing an existing

112.5 kVA PCB transformer and replacing it with a new 112.5 kVA cast coil unit

substation transformer with a dual voltage primary winding (2400 and

12,000 V). The existing oil fused cutouts were also removed and replaced with

a new 15 kV fused switch. This installation was performed beginning at 0600

hours on December 15, 1991, and concluded at 0600 hours on December 16, 1991.

The new transformer was initially installed in the 2400 V configuration.

The dimensions of the new transformer required that the concrete pad be

extended and the safety fence be modified. The concrete and fence work was

performed after the new transformer was energized. No other problems were

encountered during this installation.

4.3 Building 378

The Building 378 installation consisted of removing three existing PCB

transformers in three different locations (pads 378-1, 378-2, and 378-6);
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replacing them with three new cast coil transformers in two locations; and

consolidating power feeders.

The pad 378-1 installation is located in a vault and consisted of

removing a 1000 kVA PCB transformer and two PCB-filled voltage regulators and

replacing them with a 1000 kVA cast coil transformer and a 500 kVA

transformer. The transformer that was removed had a 2400 V primary and a

208 V secondary. The primary voltage to the vault was upgraded to 12 kV by

tapping into an existing pothead in pad 378-2. The new 1000 kVA cast coil

transformer was constructed as a unit substation with a new 15 kV fused switch

and 480/277 V secondary switchgear. The secondary of the new transformer was

480/277 V grounded wye. The 500 kVA cast coil transformer was installed in

the vault to step down the output of the 1000 kVA unit from 480 to 208 V. The

output of this second unit was connected to the existing 208 V switchgear.

The pad 378-2 installation consisted of removing a 500 kVA PCB

transformer and feeding the panel from the new switchgear on the 1000 kVA

transformer in vault 378-1. No new transfo, ýr was installed at pad 378-2. A

local main disconnect breaker was retrofitted to the back of the existing load

panel, and new supports had to be fabricated to support the load panel that

was originally mounted directly to the PCB transformer. This load

consolidation reduced the power losses, reduced the transformer cost, and

provided environmentally safe and efficient power delivery.

The pad 378-6 installation consisted of a direct one-for-one replacement

of a 500 kVA PCB transformer with a new 500 kVA cast coil transformer. The

existing secondary switchgear and primary air interrupter switch were reused.

The new transformer was physically larger than the original unit; thus, the

concrete pad had to be extended. The size increase is common when liquid-

filled transformers are retrofitted with dry-type transformers. During this

installation it was noted that the insulation on the existing conductors

connecting the primary switch to the transformer was in poor condition;

therefore, the conductors were removed and new conductors were installed.

This installation required a great amount of planning. Very little work

could be performed before the outage because of the space limitations in the

9



facility. The doorway entering the vault was slightly smaller than the

dimensions of the old transformer that was to be removed. Thus, the

contractor needed to cut one of the termination throats from the transformer.

A significant problem was encountered during this process. The contractor

failed to clean the inside of the throat before using the cutting torch. The

bushings inside the throat had leaked transformer fluid into the throat and

the fluid contained PCBs. The material began to smoke immediately after heat

was applied. The contractor was immediately stopped. The environmental waste

handling crew then cleaned the throat with solvent to remove the PCBs. Once

the throat had been cleaned, the PWC environmental office inspected the throat

and gave the contractor permission to complete the cut, which was completed

without further incident. The existing 2400 V feeder (three conductor lead

sheathed cable) to the old transformer in vault 378-1 could not be removed and

had to be capped and abandoned in placed. The contractor attempted to remove

the cable and could not pull it. The San Diego PWC stated that the cable

should be capped and abandoned in place.

4.4 Building 379

The Building 379 installation consisted of removing three existing

167 kVA PCB-filled, single phase, polemount transformers that were connected

in a three phase bank and replacing them with a single 300 kVA Square D

Company VPI dry-type transformer. This task also involved removing another

PCB-filled transformer from the roof of Building 379. The loads, which were

fed by this transformer, were then alternately fed using another existing

transformer. Ultimately, four PCB transformers were removed from the facility

and replaced with a single modern dry-type transformer. The Square 0 Company

hired a local subcontractor (Chula Vista Electric) to perform the actual

removal and installation.

The new 300 kVA transformer is uniquely constructed with a dual rated

primary winding. The winding can be connected in a 2400 V or a 12000 V delta

configuration. The new transformer was installed in the 2400 V configuration

using the existing oil filled cutouts.

10



The original installation was very congested. The three 167 kVA

transformers were packed into a very confined space on an overhead wooden

mezzanine with little or no clearance for maintenance personnel. The new

transformer was constructed to slip into the installation without having to

modify the roof support structure. The new installation provides a clean

transformer enclosure design and small size, allowing adequate clearance

around the unit so maintenance can be performed on the unit. Installing this

unit involved an intricate rigging configuration that had to be well planned.

The installation went smoothly without incident.

4.5 Building 472

This installation is in a corrosive environment. The transformer and

primary and secondary switchgear are located between two stack assemblies.

The moisture and corrosives emanating from the stacks have caused extensive

corrosion to the existinq transformer enclosure and the existing primary and

secondary switchgear. task involved removing the existing 1500 kVA PCB-
filled transformer and repiacing it with a new 1500 kVA cast coil ventilated

dry-type transformer with future forced air provisions. Cast coil

transformers are extremely resistant to corrosives and are environmentally

inert; thus, the new transformer could be installed in the same location as

the old unit. New code requirements require a substantially greater distance

between the facility and a standard oil-filled transformer. A new mineral-oil

filled transformer could not have been installed without performing

substantial facility modifications. The high efficiency cast coil dry-type

transformer was installed outside on the exiting pad without any facility

modification. This installation was performed on November 3 and 4, 1990, by

ABB Service Company and their subcontractors.

4.6 Building 473

The installation at this facility was delayed. The specification

detailed the design requirements of the new transformer; however, the

contractor manufactured the new extremely high efficiency amorphous core

transformer with the wrong secondary voltage. A new transformer was
manufactured and was installed on February 22, 1992. Building 473 was a prime

11



candidate for an amorphous core transformer. The building was being served by

a 112.5-kVA PCB liquid-filled transformer that was lightly loaded.

The transformer no-load loss (core loss) remains constant at all levels

of transformer loading. The load loss, however, increases proportionally to

the loading. Under lightly loaded conditions, the no-load loss comprises a

more significant portion of the total losses of a transformer. Building 473

is only occasionally heavily used and typically has minimal loading. The

extremely low no-load loss of the amorphous core transformer will reduce the
power consumption at Building 473 considerably. No problems were noted during

this final installation.

4.7 Building 489

The original 1500 kVA transformer feeding Building 489 failed and the
replacement was added to this project. Following the failure, the failed unit

was removed and a temporary 3750 kVA unit substation transformer was installed

by the Navy PWC. This unit provided temporary power to the facility until

this permanent replacement was installed. The existing 15 kV class primary

switch had been damaged during the transformer failure but had to be rebuilt

and placed back into service concurrent with installation of a new

transformer.

This installation began with the removal of the 3750 kVA temporary

transformer. The San Diego PWC removed the temporary 3750 kVA unit. A new

1500 kVA cast coil transformer was then installed by the ABB Service Company.

The new unit has a 12000 V delta primary and a 480/277 V grounded wye

secondary. The original 15 kV fused switch was rebuilt by the ABB Service

Company and placed back into service with the new transformer. The ABB

Service Company had not anticipated needing new fuses for the primary switch

and had to obtain them before the new transformer could be energized. No

other problems were identified during this installation.

12



5. TYPES OF TRANSFORMER CONSTRUCTION

Cast coil transformers provide an acceptable and preferable alternative

to PCB transformers. They are self-extinguishing and, therefore, offer high

levels of fire safety compared to liquid-filled transformers, they are

efficient, and they perform exceptionally in the corrosive environments common

to Navy installations.

Liquid-filled transformers have been used for severe duty applications

for many years. High fire point insulating liquids allow the use of liquid-

filled transformers in locations where there is a risk of fire. The most

commonly used high fire point liquid is commonly referred to as Askarel and is

primarily comprised of PCBs. Use of PCBs was outlawed in 1977 because of

health problems, primarily caused from the by-products of combustion of these

fluids such as furans and dioxins. Thus, alternative transformer types or

fluids must be used.

The primary alternatives for PCB-filled transformer replacements are

"less flammable" liquid-filled transformers (insulating liquids with a minimum

fire point of 300°C are classified as "less flammable" by UL and Factory

Mutual) and dry-type transformers. The first alternative, "less flammable"

liquid insulated transformers, is a good alternative but will not work in all

locations. For example, certain restrictions or requirements apply when

installing liquid-filled transformers. There are several currently available

"less flammable" transformer insulating liquids. They are typically high

molecular weight hydrocarbons. The second alternative is to use dry-type

transformers. "Less flammable" liquid-filled transformers are not an option

where vault requirements or fire codes restrict their use.

There are two general dry-type transformers to evaluate: standard and

CC. The standard dry-type transformers, open wound and VPI, are not designed

to withstand the stress, use, and physical abuse of a comparable liquid-filled

transformer. Issues such as temperaturc rise, basic impulse level, and short-

circuit strength are common weaknesses of standard dry-type transformers when

compared to liquid-filled transformers. However, cast coil dry-type

transformers perform with ratings equal to or greater than those of comparable

13



liquid-filled designs. The following characteristics of liquid-filled and

cast coil dry-type transformers were compared:

* Basic impulse level

• Sound level

* Short time overload capability

* Weight

* Thermal rating (temperature rise capability)

* Load losses.

In all cases, cast coil transformers met or exceeded liquid-filled

transformer parameters for these characteristics.

5.1 Cast Coil Transformers

Cast coil transformers are dry-type transformers with vacuum cast coil

assemblies. The manufacturers of cast coil transformers use two basic methods

of coil construction. One design uses fiberglass cloth to provide mechanical

support along with a thin layer of epoxy encapsulation. The other design uses

a thick layer of silica-filled epoxy to provide both the dielectric and

mechanical strength.

Cast coil transformers are available with both copper and aluminum

conductors. The aluminum units are somewhat less expensive to manufacture but

typically are larger and less efficient. The design that uses the thin layer

of epoxy requires that the coils must be cast in precision molds (i.e., they

require high quality control). This requirement for precision molds depends

directly on the design of the coils and adds significantly to the mold

fabrication cost. The manufacturers that use precision molds are typically

limited to building only the coils for which they have molds, and they

typically cannot build custom units. This is a problem for loss evaluated

units in which a larger amount of conductor is used in the coils to reduce the

resistive losses. The manufacturers that use the thick epoxy have more

flexibility because they can often afford to build a mold or use an existing

mold for a custom transformer if needed.

14



These types of transformers are currently available with either copper

or aluminum windings to sizes of approximately 10,000 kVA.

For additional information on cast coil transformers refer to EG&G

reports EGG-2591, February 1990, Cast Coil Transformers Fire Susceptibility

and Reliability Study, and EGG-EE-8652, August 1989, Cast Coil Transformer

Summary Report Based on Experiences at Norfolk Naval Base.

5.2 Vacuum Pressure Impregnated/Encapsulated Transformers

Vacuum pressure impregnated/encapsulated (VPI/E) transformers are dry-

type transformers with coils that are impregnated (or encapsulated) with a

silicone, polyester, or epoxy resin while under vacuum. The resin is intended
to provide a barrier against moisture, dust, and corrosives and increase

overall coil insulation. The relatively thin resin coating does not provide

added mechanical strength as does the CC. The vacuum pressure encapsulation
process was specifically developed for the Navy to improve impregnation and

moisture resistance of the windings. This enabled the Navy to use high
voltage dry-type transformers aboard ships especially in the high moisture

environment. These types of transformers are currently available with either

copper or aluminum windings to sizes of approximately 10,000 kVA.

5.3 Liquid Filled/Amorphous Core Transformers

Liquid-filled amorphous core transformers are currently being produced
in industry from 15 to 2500 kVA. These extremely efficient transformers have

a significantly reduced magnetic loss characteristic. The only difference

between the typical and amorphous core liquid-filled transformer is in the

core construction.

Amorphous metals, developed and patented by Allied Corporation under the

trade name of Metglas, are a new c62s1 of metallic materials. Unlike other

metals or alloys of metals, amorphous metals do not have grain structure; they

are more characteristic of glass. When normal metals or alloys cool from the

molten state, the atoms arrange themselves into an orderly lattice of

crystals. The intercrystalline boundaries play a major role in the hysteresis
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losses experienced by steel when subjected to the alternating current in a

transformer. In the Metglas process, an alloy of iron, boron, and silicon is

cooled at approximately I million "C/s. This rapid cooling causes the atoms

to arrange themselves in a random fashion as they do in glass, rather than in

the highly structured crystalline lattices found in metals. The end result of

this process is a material that, used in the core of a transformer, cuts the

no-load losses to about 25 to 40% of the losses of an equivalent silicon-steel

core.

For more information on Amorphous Core Transformers refer to NCEL

Report N-1801, August 1989, 25 kVA Amorphous Metal-Core Transformer

Developmental Test Report, and EGG-EE-8748, June 1991, Retrofill/Retrofit

Study of PCB Electrical Transformers U.S. Navy Public Works Center Pearl

Harbor, Hawaii.
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6. RECOMMENDATIONS AND CONCLUSIONS

re San Diego Advanced Transformer Evaluation and Validation Project was

completed successfully. It would be useful to consider these recommendations

for future transformer installation and operation:

Provide on-line documentation and tracking for the replaced

transformers. This information must be provided to the PWC, the

fire department, and any other organizations who need it so that

their records can be updated to show that the hazardous wastes

(PCBs) have been mitigated.

A previous incider at the Norfolk Naval Base involved a PCB

transformer that had been replaced with a new transformer. The

new unit caught on fire, and the fire department would not enter

the vault to put the fire out because their records listed the

unit at PCB filled. The damage to the unit and vault could have

been reduced substantially if the proper records would have been

updated.

Install cast coil transformers in environmentally sensitive areas

and areas with high power rates. They also are excellent for use

in facilities that experience cyclical loads where the

transformers are or can be shut down for long periods of time or

when varying loads are experienced.

Evaluate amorphous core transformers when life-cycle costs

indicate that small increases in purchase price will be recovered

by the reduced losses of the transformer.

Conduct a follow-on study on the VPI transformer installed in

Building 379. The operational data will provide the Navy with

verification of the performance of a VPI transformer in a shore-

based Navy application.
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Thoroughly investigate the replacement sites for access, floor

space, and other interface requirements that could possibly cdusp

problems during the installation. Any findings should be pointed

out to the contractors before installation to minimize impact.

Strictly monitor the installation schedule and coordination with

the PWC. Ensure that all aspects are properly scheduled and that

all needed resources and personnel are available.

Strictly monitor the contractor to ensure that all areas are

thoroughly cleaned after the installations are complete and that

all materials and debris are removed from the job site.

The transformer installations illustrate technology evaluation,

operational performance, fire code compliance, and sizing. These types of

transformers each have their specific applications and advantages and serve as

excellent replacements for PCB-filled/contaminated transformers in Navy

applications. Each of the types of transformers demonstrated during this

project will provide the Navy with environmentally safe and efficient power

delivery alternatives to PCB-filled transformers.
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SPECIFICATION

FOR THE PURCHASE AND INSTALLATION OF

LIQUID FILLED TRANSFORMERS AT THE

SAN DIEGO NAVAL FACILITY

1. SCOPE

1.1 Scoge. This specification covers the design, fabrication, testing,

installation, and inspection of new liquid filled, power transformers and

the removal of the existing polychlorinated biphenyl (PCB) filled

transformers, handling of PCB fluid, and obtaining the permits required

for hauling hazardous waste. The intent is to make a turnkey replacement

with advanced technology transformers including any equipment needed to

replace the existing transformers. They will be used to provide the Navy

with performance data on these advanced technology devices.

1.2 Applicability. It is not the intent to specify details of design and

construction except where necessary to establish performance requirements,

nor is it intended to set forth those performance requirements, which are

adequately specified in applicable standards.

All components of the transformers shall function in a satisfactory

mannrr within their rated capacity under the specified service conditions

regardless pe --l.hether all necessary specific performance requirements are

set forth herein or in applicable standards.

2. APPLICABLE DOCUMENTS

The following documents form a part of this specification to the

extent specified herein. The issue of a document and amendments in eff'ect

on the date of publication of this specification shall apply.
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2.1 mezan Na, ý n al S I.and a r, 7nSt *u~e f'-^S.

ANSI-C57 12.00 General Requirements for Liquid Immersed

Distribution Power and Regulating Transformers

ANSI-C57 12.13 Requirements for Conformance Liquid Filled

Transformers Used in Unit Installation including

Unit Substations

ANSI-C57 12.27 Conformed Requirements for Liquid Filled

Transformers Distribution Used in Pad Mounted

Installation, including Unit Substations

ANSI-C57 12.80 Terminology for Power and Distribution

Transformers

ANSI-C57 12.90 Test Code for Liquid Immersed Distribution, Power,

and Regulating Transformers

ANSI-C57 12.91 Test Code for Dry Type Distribution and Power

Transformers

C2-1989 National Electrical Safety Code

ANSI-C57-13 Requirements for Instrument Transformers

Z35.1 Specifications for Accident Prevention Signs

2-2 American Society of Testin-c and Materials (ASTM).

ASTM 0 92-78 Flash and Fire Points by Cleveland Open Cup

ASTM 0-877 Dielectric Breakdown Voltage of Insulating Liquids

ASTM 0-923 Sampling Electrical Insulating Liquids
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AST 7 -M2a Power Fac:zr and Dielectric Constant

ASTM Cg-974 Neutralization Number

ASTM D-:533 Water in Insulating Liquid

ASTM D-2225 Methods of Testing Silicone Fluids Used for

Electrical Insulation

ASTM 0-3487 Mineral Insulating Oil Used in Electrical

Apparatus

ASTM D-4652 Standard Specification for Silicone Fluid Used for

Electrical Insulation

2.3 National Electric Manufacture-s Association (NEMA).

NEMA TRI-1974 Transformers, Regulators, and Reactors

2.4 Naticnal Fire Protection Association (NFPA) Publication.

NFPA 70 National Electrical Code

2.5 Others.

IEEE 400-1980 IEEE Guide for Making High Direct Voltage Tests on

Power Cable Systems in the Field

NEESA 20.2-028a PCB Compliance, Assessment, and Spill Control

Guide

OPNAVINST 5090.1 Environmental and Natural Resources Protection

Manual

29 CFR General Industry Safety and Health Standards
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40 CFR 263 Standards Applicable to Transporters of Hazardous

Waste

40 CFR 172 Hazardous Materials Tables and Communications

Standards

49 CFR 173 General Requirements for Shipping and Packaging

40 CFR 761 Polychlorinated Biphenyls (1979)

PWC San Diego Utility Standards

California CAC

Title 22,

Division 4 Environmental Health

MIL-P-28641 Primer Coating, Vinyl Chlorine Acetate, Copolymer,

High Build (for steel and masonry)

MIL-Q-9858A Quality Program Requirements

1. TECHNICAL REQUIREMENTS

3.1 General. The transformers shall have low loss metal core and shall

be three phase, three-winding, fluid-immersed, self-cooled, dead front,

suitable for installation indoors or outdoors, or as specified in the

individual data sheets in Appendix A. They shall have primary and

secondary compartments that shall enclose all termination devices so that

no live parts are exposed when the transformer is energized. Unit

substation transformer installations are exempt from the dead front A

requirement. The transformer and installation shall meet all applicable

requirements of the ANSI, ASTM, NEC, and NEMA publications as specified

herein. The transformer shall be of new construction. The successful

bidder shall be responsible for all field modifications and measurements

and provide installation and checkout, and turn the transformer over to

the operations department, PWC San Diego, through the EG&G Idaho, Inc.

Resident Engineer ready for operation.

A-10



ES-51333

3.2 £'ect•!4a' D~fducts. All materials, appliances, equipment, or

devices shail be new and conform to the applicable standarts of the

Underwriter's Laboratories, Inc. (UL) and applicable chapters of the

National Electrical Code (NFPA 70), where such standards exist. All

materials, appliances, equipment, or devices shall be listed and/or

labeled by UL, where such standards exist.

3.3 Condition of P-oducts. Except as otherwise indicated, new electrical

products free of defects and harmful deterioration shall be provided at

the time of installation. Each product provided shall be complete with

trim, accessories, finish guards, safety devices, and similar components

specified or recognized as integral parts of the product, or required by

the governing regulations.

3.4 Uniformity. Where multiple units of a product are required for the

electrical work, identical products shall be provided by tle same

certified and approved manufacturer without variations except for sizes

and specific variations as indicated.

3.5 Test Point Observation. The successful bidder shall supply EG&G

Idaho with a flow sheet for the manufacture of each transformer indicating

all test points. The successful bidder shall notify EG&G Idaho, in

writing, of the date that each test will be conducted at least 14 days

before that test and will admit EG&G Idaho and government representatives

to witness the tests.

3.6 Performance Requirements. Each transformer shall comply with the

following performance requirements as specified in ANSI-C57 12.00, except

as noted in the data sheets in Appendix A.

Transformer Rating As specified in Appendix A.

Auxiliary Cooling Forced air provisions, fan mounts, and

temperature sensor access points as a

minimum shall be provided for future.

Refer to the data sheets in Appendix A for

special instructions.
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Primary Voltage As soecified in Aýpencix A. Note special

dua! voltage requirements.

Primary Connection As specified in Appendix A.

Frequency and Phase 60 Hertz, 3 Phase

Secondary Voltage As specified in Appendix A.

Secondary Connection Wye connection with neutral to be brought

out through an insulated bushing with

external ground strap.

Insulating Liquid The insulating liquid shall be "less

flammable" as defined in the NFPA with

284"C minimum flashpoint and 312"C
minimum firepoint and shall have less than

30 ppm water content per ASTM D-4625. The

liquid shall be as specified in the data

sheets; however, evaluated options of

alternatives will be considered if they are

to the best advantage of the U.S.

Government.

Silicone liquid with 300"C minimum

flashpoint and 340"C minimum firepoint

and shall have less than 30 ppm water

content per ASTM D-4652. Askarel and

insulating liquids containing PCBs shall

not be provided.

or

The insulating liquid shall be RTEMP with

284'C minimum flashpoint and 3121C

minimum firepoint and shall have less than

5 ppm water content.
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Insulating Paper There shall be less than 1% moisture by dry

weight in the paper insulation.

Temperature Rise 550C per NEMA TRI-1974.

Taps - No Load Minimum of five full capacity high voltage

taps (two 2-1/2% taps above and two 2 1/2%

taps below normal voltage and tap position

indicators).

Insulation Levels

Primary Voltage 95 KV BIL for Insulation Class 15 KV and 75

KV BIL for Insulation Class 5 KV. Based on

specific voltage ratings, which are in the

data sheets in Appendix A.

Secondary Voltage 30 KV BIL for Insulation Class 600 V. For

specific voltage ratings, see the data sheets

in Appendix A.

Core Material The core shall be constructed of low loss

(General) silicon steel sheets except where specified

as amorphous. The specific type of low loss

silicon steel is to be determined by the

manufacturer to meet the lowest total

operating costs and optimize no-load losses.

However, the intent of this replacement

program is to install advanced technology

transformers wherever it is economically

feasible. The use of amorphous metal, laser

etched steel, or other advanced technology

core material is encouraged in order to meet

low operating cost criteria.
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Core Material The follow~no applies to these transforme-s

(Amorphous) soecified as amo•rhcus core. The transformer

shall be constructed of low loss amorphous

metal. The complete core assembly shall be

fully encapsulated with a protective coating

of approved material to eliminate sharp edges

and prevent flaking particles from entering

the coolant during normal operation. The

no-load losses shall be less than 45% of

those no-load losses of comparable silicon

steel core designs. It is known that a wound

core is standard. However, a few of the

options in the data sheet specifically

require stacked core. This stacked core will

be treated as a research project to get a
"new" technology unit. The other amorphous

core device can be wound (or stacked) at the

manufacturer's discretion.

Impedance As specified in the data sheets in appendix A

with the following guidelines:

1. The minimum allowable impedance for

transformers 750 KVA and above is 4.0

percent.

2. The minimum allowable impedance for

transformers 500 KVA is 3.5 percent.

3. The tolerance is +/- 7 1/2 % except for

the transformers with dual rated primaries

which shall have an impedance tolerance of

+/- 10 %

No-Load Loss The no-load losses (core losses) shall be

optimized per the evaluation formula provided

in the bid package/Request For Proposal

(RFP).
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Load Loss The load losses (winding losses) shall be
optimized per the loss evaluation formula

provided in the bid package/RFP.

Sound Level Shall not exceed noise level per NEMA

standards.

3.7 Environmental Conditions.

Elevat' 50 feet above sea level

Location Indoor/outdoor (See Appendix A.)

Temperature Range 0"C to 40"C

3.8 Accessories. The transformer shall have the following accessories as

a minimum. The accessories shall be constructed and located as described

in ANSI-C57 12.00,

Elbow terminators, fuses, load break switches, and tap

changers as called out in Section 3.6, primary connection

section, and per individual data sheets in Appendix A.

Magnetic liquid level gauge with 25"C level marking.

Dial type thermometer with alarm contact of sufficient

capacity to control the future fan contactor and an additional

contact for a future utility control system.

Pressure - both a vacuum bleeder device and a high volume

pressure relief device rated at a minimum of 100 SCFM at

15 psi. Additional pressure relief capacity will be required

and installed per UL classification, if RTEMP fluid is used.
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* 1 nch NPT boss and plug in tank top situated such that a 1/2

inch - ,erglass instrument rod could be ,nserted (in the
ruture by others) into the fluid (straicht down) without

contacting any part of the bus or core assembty.

* pper Filler Connection - I inch nipple with plug.

Drain Valve - 1 inch globe valve.

Lower Sampling Valve - min. 3,8 inch at tank bottom (may be

part of drain valve assembly).

Upper Sampling Port - min. 3/8 inch boss in tank wall and

valve (with cap) approximately 1 inch below top fluid level to

allow future diagnostic instrumentation access (by others).

Lifting, moving, and jacking provisions.

"* Stainless steel/aluminum nameplate with information required

in ANS!-C57 12.00 at two locations: one on the transformer

exterior and one in the secondary cubicle. (note: stainless A

steel is preferred)

"* A junction box shall be located on the transformer nameplate

side and contain a terminal board for all electrical circuits

entering or leaving the junction box. The junction box shall

have a hinged door with a gasket and a handle with provisions

for padlocking. All electrical circuits from components

mounted within the transformer shall run to this terminal

board.

"* An optional top oil temperature sensing thermocouple shall be

mounted in the prevailing transformer top oil thermal hot

spot. A, a minimum, the thermal well housing must be

included, even if the optional top oil temperature sensing A

thermocouple is not adWed. The thermocouple shall be
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installed in a therrmal well housing that will allow

maintenance. This thermocouple will provice input to an

electronic temperature monitor. This instrument shall respond

to the top oil temperature and automatically display this

reading. An analog meter shall continuously display the top

oil temperature and indicate the maximum temperature reached

over a period of time. Light emitting diodes are not

acceptable. The highest temperature shall also be used to

initiate alarm and trip functions and is stored for future

recall until the maximum temperature memory is cleared. Fail

safe alarm relay circuits automatically actuate if supply

power has been lost. Maximum temperature can be recalled even

if supply power has been interrupted. A self-test procedure

allows set points to be de'-mined and their operation

verified. Alarm and trip b.: points will be tested from the

front panel. Open thermocouple circuits are detected and

indicated, but do not affect instrument operation. Manual

control of alarm and test functions shall be provided. All

input and output connections shall be made to the terminal

blocks on the back.of the instrument. The set points of this

thermal device shall be adjustable, and two sets of alarm and

trip contacts shall be provided. The alarm contacts on the

temperature indicator shall be factory wired and brought out

to terminal blocks on the exterior of the tr, former

enclosure. The terminal blocks shall be mour. i in the

junction box. A thermometer with a remote sensing bulb is not

acceptable. The thermocouple shall be removable without

disconnecting the electrical wiring. The temperature monitor

system shall be graduated -n degrees centigrade and shall be

tested at 200"C before installing on the transformer. The

thermally operated device shall be coordinated with the

transformer design and shall be connected and set to function

as follows:

- First stage shall be adjustable and set at 75"C

temperature at which the substation audible bell alarm

can be activated (connected in future by others).
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Second stage shall be adJustable and set at 100"'

temperature at which the transformer is isolated by

removing the electric load and tripping all the power

circuit breakers via the circuit breakers' shunt trip

coils (connected in future by others).

3.9 Tank Construction. The tank shall be of welded steel construction

designed to withstand a pressure 25% greater than the maximum operating

pressure and normal working vacuum. The cover shall be provided with

access holes or manholes, lifting eyes, and pressure relief. The base

shall permit rolling or skidding with pulling eyes and be equiced with

ground pad.

3.10 Paint. The color of the finished transformer shall be C37.20

Federal Standard 595 dark forest green enamel.

3.11 Miscellaneous Requirements.

3.11.1 Insulated Phase Barriers. Primary and secondary insulated

phase barriers shall be provided.

3.11.2 Undercoating. Transformers, which have bases that come in

contact with concrete, shall have the underside of their bases coated with

a corrosion resistant zoating that conforms to Military Specification

MIL-P-28641 (or an equivalent) with a minimum thickness of 4 mils.

3.11.3 Warning Sions. In accordance with ANSI Z35.1, warning signs

shall be provided for the enclosures of electrical transformers having a

nominal voltage rating of 500 volts or above.

3.12 Provisions for Fan Cooling. The transformer, 500 KVA and larger,

shall have provisions for future fan cooling (by others). As a minimum,

fan mounting brackets and dial thermometers with control contacts shall be

provided.
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3.3 Test~nq. The following tests shall be performed in accordance with

NEMA TRI, ANSI-C57 12.90, and ASTM Standards as listed by the associated

tests. All testing, except the field tests, shall be done at the factory,

and the certified results shall be submitted to the buyer for approval

before shipment of the transformer. Field tests shall be performed

unless specifically denied by EG&G Idaho and shall also have certified

test procedures and results if opted by EG&G Idaho. All testing included

in this Specification shall be performed and costs must be included in the A

transformer purchase price.

The purchaser reserves the right to witness any or all tests, and the

vendor shall notify the purchaser 14 days in advance of the date for

conducting any test (see Section 3.5).

Field tests shall be conducted by representatives of the manufacturer

and shall be completed after the transformer has been set in place and

before the primary and secondary connections are made. These tests shall

be as described in Section 3.13.3.

The tests below shall be made on the transformer as a minimum

requirement. The order of listing does r t necessarily indicate the

sequence in 4hich the tests shall be conducted.

3.13.1 Coolant Tests.

ASTM D-877 Dielectric Breakdown Voltage
ASTM 0-923 Sampling Electrical Insulating Liquids
ASTM D-924 Power Factor
ASTM 0-974 Neutralization Number
ASTM D-1533 Water in Insulating Liquid (field test only)
ASTM D-2225 Silicone Fluids if Silicone.

PCB contamination certification requires stating either that PCB

content is less than 5 ppm or that the transformer is PCB free and

contains no PCB. A stainless steel label clearly stating the PCB content

shall be attached to the transformer.
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3.13.2 Factorv e ets.

I. Coil resistance measurements of all windings on the rated

voltage connection and at the tap extremes.

2. Turns ratio test on the rated voltage connection.

3. Polarity and phase relation tests on the rated voltage

connection.

4. No-load loss at rated secondary voltage on the secondary

voltage connection (field and factory test).

5. Exciting current at rated voltage on the rated voltage

connection.

6. Impedance and load loss at rated current on the rated voltage

connection and on tap extremes.

7. Temperature tests under conditions specified in ANSI

Standards for transformers. (Typical temperature rise of the
"exact" design may be substituted with written approval.)

8. Applied potential test.

9. Induced potential test.

10. Impulse test.

11. Insulation power factor.

3.13.3 Field Tests. Field tests shall be performed as part of

installation. Test reports shall be certified for methodology and

accuracy.

No-load luss as measured from the secondary winding at ambient

temperature (ANSI-C57 12.90). Record both ambient and top oil
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temperatures. Conduct this test on both existing transformers to

be removed and the new transformers. Record ambient temperature on

the test reports.

Water content in oil at ambient temperature (ASTM D-1533). Record

both ambient and top oil temperatures.

* Insulation power factor (Method II ANSI-C57 12.90, Section 10.9)

Doble Test or equal. (Insulation power factor to be 0.9 or less.)

Before energizing the transformer, test the transformer turn ratio

(TTR) at all tap settings. Megger all leads before connecting them

to the transformer and check the leads for grounds using VOM before

any connections are made. Any lead with a Megger reading of less

than 10 megohms shall be replaced.

4. QUALITY ASSURANCE PROVISIONS

Unless otherwise specified, the supplier is responsible for all

examinations and inspections as specified herein. The vendor shall

maintain a Quality Assurance Program in accordance with MIL-(-9858A or an

approved equal during the performance of the contract, which provides

adequate quality assurance and control throughout design, fabrication,

testing, inspection, and shipping of the transformer. The vendor shall

provide the documents describing the Quality Assurance Program and

containing the procedure that will be invoked to comply with the above.

An Inspection and Test Procedure shall be prepared and submitted to the

buyer for approval. Final inspection and test reports as requiree by this

Specification shall be submitted to the buyer for approval. The vendor

shall maintain a calibration system for the periodic calibration of test

instruments to standards traceable to the National Bureau of Standards.

Vendor data shall be submitted per attached "Vendor Data Requirements

Lists" (see Appendix B).
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5. PACKAGING

The transformer shall be prepared for shipment within the Continental

United States. All accessories snall be protected from damage. The

transformer shall be sealed to prevent entry of moisture or foreign

materials during shipment. Documents as indicated in Appendix B shall be

required. Shipping is the responsibility of the supplier as part of the

total installation package.

6. SUBMITTALS

Within 30 days of receipt of the order, the vendor shall furnish the

purchaser with all necessary outline drawings and weights of the

transformers.

6.1 Shop Drawings and Manufacturer's Data. Shop drawings for

transformers shall indicate, but shall not be limited to, the following:

Overall dimensions, front view, interfaces with existing

equipment, and sectional views.

Ratings and sizes of lugs, impedance, taps, and fans if

applicable.

Manufacturer's published information on the main secondary breaker

and feeder devices at each transformer to allow owner to review

settings, which will ensure that proper protection and

coordination will be achieved.

Complete list of spare parts and/or supplies with current unit

prices and source of supply.

6.2 Certified Laboratory Test Data. Certified copies of reports of all

tests shall be submitted as required.
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6.2.2 Trarsvc-e- -ests. Transformer test shall be performed in

accordance with the ANSI-C57 12.90 - for liquid filled (ANS7-C57 :2.91

for dry-type) standard test code and Section 3.23. Certified copies of

test data for the following tests shall be submitted and shall receive

approval before delivery of equipment to the project site. Field test

data sheets shall te submitted within 14 days after test completion.

7. DEMOLITION AND CONSTRUCTION

7.1 Demolition and Construction Gene'al Requirements. The vendor shall

furnish technical personnel to be present at the site to perform, as a

minimum, the following tasks (see Appendix C). Permits for PCB fluid and

transformer casing transport shall be obtained by the successful bidder

before removal. Note that OSHA regulations require workers handling PCBs

to be properly trained and certified.

Request and have operating Contractor (PWC personnel) de-energize

the existing transformers.

Test the existing transformers for no-load loss, record data, and

submit in writing to the Resident Engineer.

Drain the PCB fluid from each transformer into approved drums,

seal, and deliver it to the interim hazardous waste storage area

at the base.

Purge the transformer case with dry nitrogen gas and seal.

Remove and deliver the transformers to the interim hazardous waste

storaqe area at the base, as designated by the Posident Engineer.

Provide and install new transformers and test per Section 3.13.3.

Request PWC personnel to energize the system.
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Verify proper operation and turn the operating transformer over to

73&^ ,daho for re-randing -o PWC San Diego.

The EG&S 1daho Resident Engineer shall coordinate all outages and

provide interface between the successful bidder's, installers, and the

operating Contractor (PWC). PWC Coae 640 is responsible for man;festing

all PCB (hazardous waste) activity, and PWC shall be contacted through the

EG&G Idaho Resident Engineer.

7.2 Draininq. Service shall include removal, packaging, and transporting

[to a Defense Reutilization and Maintenance organization (DRMO) hazardous

waste staging area] of the PCB or PCB contaminated fluid initially drained

from the transformers. DRMO waste shall be clearly labeled with contents,

level of contamination, its source, and manifested by PWC Code 640.

The Subcontractor must review and comply with the minimum Outline

Spill Prevention, Control, and Countermeasures (SPCC) Plan before draining

fluid from a liquid cooled transformer (see Appendix D). Appendix D

details the SPCC requirements that the Subcontractor must observe.

7.3 Transportation and Disposal. All hazardous waste material shall, as

a minimum, be contained in Department of Transportation (DOT) approved

containers from point of removal until delivered to the final disposal

site. The following are methods of handling the wastes and are subject to

the requirements of 40 CFR, Part 263 and 49 CFR, Parts 172 and 173 and

shall be superseded if the regulations are amended.

1. Drums shall be DOT approved for hazardous waste: 17E for

fluids, 17H for porous solids, and 17H for rags and solvent.

2. Bulk containers shall be six sided, welded steel

construction, lined with a minimum of 10 mil plastic sheet,

and watertight. The container shall be handled by a truck

specially fitted to transport the container from generation

point to disposal point.

A-24



APPENDIX

T-"ANSFORMER DATA SHEETS

A-25



TRANSFORMER DATA SHEET

Transformer 7cen:ifca:ln D W C-OLD'c Z0-,E' L

Locai on BL:G 94 OUTDOORS

S.e OfCO0 KVA

Primary Vcitage 2.4/f2 KV DUAL

Primary Winding Type DELTA

Seconcary Voltage 1:O V

Secondary Winding Type WYE-GROUNDED

Percent Impedance E %

Primary Switcn NEW 3 POLE 15 KV 600 AF/300 AT FUSED
SWITCH

Primary Connection PROVIDE TRANSITION CUBICLE TO NEW
SWITCH

Secondary Connections PROVIDE NEW COPPER BUS CONNECTIONS
TO NEW SECONDARY SWITCHGEAR. PROVIDE
AND INSTALL NEW SECONDARY SWITCHGEAR
PER SKETCHES. (SEE APPENDIX E OF
THIS DOCUMENT.)

Secondary Breaker PROVIDE AND INSTALL NEW SWITCHGEAR
PER ATTACHED SKETCHES

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

* This is a replacement of transformer PWC #69, an existing 500 KVA 3
phase 480 V PCB transformer.
"Supply fan to achieve higher rating.
Dual voltage primary winding is an option. Regardless of whether
the option is exercised, the 2400 VAC primary must be supolied. If
the ootion is exercised then taps snail be proviced for the higher
rating ('2 KV).
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Loca:icn a'.G _n

Size •2 KVZ

Primary Voatace -.O V

Primary Winding Type e___

Secondary Voltace 20S/'20 V

Secondary Winding Ty;e 1vE-rqCUNtE

Percent impedance _.0

Primary Switch N/A

Primary Connection NEW FEED _POM NEW SWITCHGEAR

(SEE ZCEE)

Secondary Connections NEW CABLE _AND CONDUIT CONNECTIONS TO
EX:STING SWiTCHGEAR (2 71aces)

Secondary Breaker EXISTING BREAKER PER 4TTACHEI SKETCH

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RUD

Maximum Full-Load Loss DETERMINED PER LOSS EVALUA4ON :N RFD

Consolidation replacement of existing PCB transformers (#70 and
T'71). See sketches SO 1, 2, and 3 for additional information.
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ES- =:33

TRANSFORMER DATA SHEET

Transformer lcen:ifica:ion 'PWCc-OLD' CC::-NEW

Lccation BLDG 342

Si ze ::2.E KVA

Primary Voltage 2.4/"2 KV DUAL ,

Primary Winding Type DELTA

Secondary Voltage 480C1277 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 3.0

Primary Switch NEW 3 POLE !EKV SOAF FUSED

Primary Connection TRANSITION AND CABLE TO NEW SWITCH

Secondary Connections REUSE EXISTING --- SPLICE TERMINATION
FOR CONNECTIONS TO EXISTING
SWITCHGEAR

Secondary Breaker REUSE EXISTING BREAKER -NO CHANGES

Maximum No-Load Loss DEFERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

* Reolacement of existing 112.5 KVA PCB transformer.
-- O~:ionally propose and construct this unit with an amorphous stacked

coe, as per specification.
"• Dual vcltage primary winding is an option. Regardless of whether

the option is exercised, tne 2400 VAC primary must be supplied. If
the oDtion is exercised then taps shall be provided for the higher
rating (12 KV).
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TRANSFORMER DATA SHEET

Transformer Icentifica:ion (PWZS8-OLD) CZZ:-NEW

Location BLDG 473

Size 112.5 KVA

Primary Voltage 2.1A KV

Primary Winding Type DELTA

Seconcary Voltage 208/.20

Secondary Winding Type WYE-GROUNDED

Percent Imoedance 3.0

Primary Switch REUSE EXISTING SWITCH

Primary Connection NEW TRANSITION TO EXISTING SWITCH

Secondary Connections PROVIDE AND INSTALL NEW SECONDARY
TRANSITION CUBICLE

Secondary Breaker REUSE EXISTING SWITCHGEAR

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

* Replacement of existing PCB transformer.
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Transform. er T- :-•ca- .... -, -

Location .171______________________

Pr-,irary Voltage ,2 'V

Primary Winding Type CEI- ,,I

Secondary Voltage 4li277 V

Secondary Winding Type WYF II N CE

Percent Lnpedanca -7 5

Primary Switch REUSE OP EXISTING SW'TRH

Primary connection NEW TRANSITCON TO EXIS-!NG SWITCH

Secondary Connections COPPER BUS CONNECTIONS TO NEW
SWITCHGEAR

Secondary Breaker REUSE EXIS71NIG BREAKER ANO SWITCH-
GEAR

Maximum No-Load Loss LETERMINED DEr LOSS EVWLUAT!ON IN RFD

Maximum FuTI-Load Loss CETERMINED DE LOSS EVALUATION IN RcD

This wi7T recpace existing PCB 1500 KVA transformer.
"* Use corrosion resistant external packaging, NEYLA 3R minimum. Also

provide octionai cost to include stainless szeel rain caD.
"include cost proposal to replace these switches as an option.
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e n C Z C n

Prmar-y Vol :ace ?K

?rinary ýX`nding 7 Y e 0_____E____L7_______A_

Sec~ndary Volitace IEV?77 V

Secondary Wincing Type dE~LNE

Percent :,-;ed.ance

Prir~ary Swit:ýn PELISE EXS177'NG AI jNTE;7PTUE $7:
60O A

Primary Connection 7;ANS17:CN FROM EvIS7!NG SV

Secondary Connections PROVDýE INQ 'INS~7.AL NEW CONNECTI1ONS
TO EXISTING So;:7CHGE.R -EX7TEND r
PEOUIRED

Secondary Breaker PSUSE_ EvS'!NG S00 A SE~CNCARY
SUA.KP tNO SVjC%,GE!P

Maximum No-Load Loss 07FEMNED PER ILOSS EVAILU2.TO-ýN TN ;CP

Maximum Full-Load Loss PE~NE EP LOSS EV:L'jmCN TN ;F:

* Replacing existiing 5O0 KVA PC3 transfor-mer.'

No diagram provided.
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7ra s' -- r .,t n.-, ica,:icn Z 1.1C2 CL-,L I • • '-I=. -.

L-cnti on iNE,-

Size5 CC<~

2rimary Voltace 12 K11

Primary Winding Type _ ___ _ _

Secondary' Voltage 180 V

Secondary Winding Type WvE-GROUNDED

Percent impedance _. _ _

Primary Switch DROVICE ANC 1NSTALL NEW 15 K'1 CI±SS

PRIMARv SWITCH AND NEW 1? <V :EE:DE

Primary Connection T;ANS:TICN TO NEW SWTTCH

Secondary Connections NEW COPOE; BUS CONNECTIONS TO NEW
SW.TCHGELR

Secondary Breaker P & I NEW SWT7CHGEAR. SEE SKETCH
BREAKER AND SWj7CHC-E.AR

Maximum No-Load Loss OE77MINED OE; LOSS EVaLUATICN !N ;P

Maximum Full-Load Loss -rE'EvNE, PER _LOSS EVALUA7TON .N R=z

"* This unit is replacing an existing 1000 KVA PCS filled transformer.
"* Supply fans to ach.ieve higher rating.
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ES- 51333

TPRANSFORMER DATA SHEET

Transformer Identification (PWC2'-OLD) CC27B-NEW

Location BLDG 378-1

Size 500 KVA *

Primary Voltage 480 V

Primary Winding Type DELTA

Secondary Voltage 208 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 5.75

Primary Switch PROVIDE AND INSTALL NEW SWITCHGEAR
SEE SKETCH

Primary Connection TRANSITION FROM NEW SWITCHGEAR

Secondary Connections NEW COPPER BUS CONNECTIONS.TO EXISTING
SWITCHGEAR

Secondary Breaker REUSE EXISTING SWITCHGEAR

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

No primary voltage taps are required on this trinsformer due to the high

current level. Note requested optional price for addition of standard
primary voltage taps on this unit in the pricing schedule.
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7?'ANSFCRMER CATA 7S-EET

-ransfcr~nEr:e.ticic C-LD C-E

Location FLYG 4FS-1

Primary Voltage Z <V

Primary Winding Type •ELT-

Secondary Voltage 480/277 V

Secondary Winding Type _V_7_-_G_;_ _ _U_ _ _D

Percent impedance 5.73

Primary Switch REINSTALL EXISTING PRIYARY SWITCH

Primary Connection CONNECT EXISTING SWITCH

Secondary Connecticns NEW COPOER LUS CONNECTIONS 70
EX^ST71N SW1TCHGEAR

Secondary Breaker EXISTING SWITCHGEAR

Maximum No-Load Loss OETERMINED PFR LOSS "VALUATON IN RFO

Maximum Full-Load Loss DTERMINED PER qLOSS EVALUA7,-•.N .N RFP

* The existing P:3 unit is already missing and will not have to te
handled as part of this changeout.

Note: This unit will be installed in an existing station. The installer
will have to remove an existing temoorary transformer and place it
aside for removal by others prior to installing the new
transformer. The installer will also have to reinstall the existinc
primary switch, which was disconnected while the tEmporary
transformer was installed. The existing temporary transformer is a
.750 KVA unit and wll require an oversized crane to lift out and
set on the ground. This unit is nonPC3 and will not require
additional handlinc.

No diagram provided.
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TRANSFORMER DATA SHEET

Transformer Identification (PWC:-22C2, 2-OLD CC -220-NE *

Loclition BLDG 37g-3

Size 300 KVA

Primary Voltage 2.4/:2 KV DUAL

Primary Winding Type DELTA

Secondary Voltage 240 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 4.5

Primary Switch REUSE EXISTING PRIMARY SWITCH

Primary Connection PROVIDE NEW CABLE CONNECTIONS TO
EXISTING SWITCH

Secondary Connections PROVIDE NEW CONDUIT AND CONDUCTORS TO
EXISTING SWITCHGEAR

Secondary Breaker REUSE EXISTING SWITCHGEAR

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

* This new three phase transformer is replacing three existing 167 KVA

single phase PCB transformers.
"• Dual voltage primary winding is an option. Regardless of whether

the ootion is exercised, the 2400 VAC primary must be supplied. If
the option is exercised then taps shall be provided for the higher
rating (12 KV).
There are three oil-fused contactors which are feeding the
transformer to be removed. It is believed that the three contactors
are PCB-contaminated, and they should not be disturbed.
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TRANSFORMER CATA S-E T

7r ans former :tn:ý a t on 'I r

Locac t c-. - S- "

- I 
ii -':

Primary Voitaga c0 '

Primary Winding Type

Secondary Voltage 2CS.1:20 V

Secondary Winding Type WYE-GPOUNDED

Percent Impedance 4.5

Primary Switch P,0OV:E AND :NSTALL NEW 480 V SREAKER
IN NES SW!THGE.•R. SEE SKETCHES

Primary Connection SEE SKEOHE_

Secondary Connections TANS.ON TO EXISTING P.N.L

Secondary Breaker REUSE EXIS7!NG

Maximum No-Load Loss DETERMINED PEP LOSS EVALUATION iN RFP

Maximum Full-Load Loss DETERMINED PE; LOSS EVALUA.!CN IN RFD

* This unit reclaces the existing 112.5 KVA PCB transformer.
*" This transfO'-er will be installed on a mezzanine located

aDoroximately 30 feet AAF. Extra rigging and PCB handling efforts

will be required.
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TRArNSFGaMER DATA SHEET

Transformer F:n : • • in,¢ .. - • - . •. . I-. j,=•

LCcat jcn)' ~

Primary Vol: age -cc V

Primary Wind-ina Type DE A

Secondary Voltace ?10 V

Secondary Winding Type WYE

Percent impedance 4.5

Primary Switch PROVIOE AND INSTALL NEW 480 V ,RE.KER
IN NEW SW:TCHGE:R. _S SKETCHE5.

Primary Connection SEE SKETCHES

Secondary Connections ,RANSTT!CN TO EXIST'14G PaNEL

Secondary Breaker REUSE EX!S7-NG BREAKER

Maximum No-Load Loss DETERMINED PEP LOSS EVALUATiON IN PFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATCN !N RFP

"* This unit is replacing the existing 112.5 KVA PCB transformer.
"** This transformer will be installed on a mezzanine located

approximately 30 feet AFF. Extra rigging and PCB handling efforts
will be required.
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APPENDIX

VENDOR DATA REOUIREMENTS LIST

No.of rt
When Copies Reference moproval

Description Reauired1 Required Paragraph Req'd.bv

11. Drawings, sketches, schematics BC 12 NA R AB/DE
and other data shall be
submitted with the bid
sufficient for evaluation of
contract proposal.

2. Quality Manual and Procedures BC 12 4.0 R AB/DE
3. insoection and Test Procedures BFR 12 3.2, 3.10 1 AB/DE
4. Inspection and Test Results PS 12 3.10 R AB/DE
5. Maintenance manual which PS 12 5.0 I AB/DE

includes as a minimum:
installation instructions,
operating instructions,
preventive and corrective
maintenance tasks, the
frequency of each task, the
tools, equipment, and
procedures with special
emphasis on safety precautions
for the accomplishments of
each task.

6. Priced soare parts list and PS 12 5.0 I AB/D
recommended spares.

0j7. Guaranteed performance data PS 12 5.0 I AB/DE
and name plate data.

8. As-built shop drawings schema- PS 12 5.0 R AB/DE
tics and wiring diagram.

9. Installation schedule. PS 12 5.0 AB/DE
10. PCB fluid disposal plan and PS 12 5.0 AB/DE

certification. 
I

11. Soill Prevention, Control, and BFR 12 NA R AB/DE
Countermeasures Plan

12. Certification for Hazardous PS 12 NA R AB/CE
Waste Handlers

* BFR - Before Fabrication Release * BC - Before contract is awarded
"* PS - Prior to Shipment ** R a Recuired

** I - Information Only " AB - ýoproval By Euyer
"DE - Approval By Design Engineer
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CCNISTRUCT :'N DETAI5

ELECTRICAL GENERAL PRCVSiCNS

PART I - GENERAL

CESCRiPT7ON CF WORK:

Summary: The electrical work can be generally summarized in the following

manner, but this is not by way cf limitation:

& Obtain permits for moving hazardous waste.

* Check and mark phase rotation before de-energizing system.

0 Have PWC personnel de-energize the existing transformers.

0 Test existing transformer for no-load losses. Drain the PCB

fluid from each transformer into standard DOT approved drums and

deliver it to the interim hazardous waste storage area on the

base as designated by the Resident Engineer (all work shall

comply with OSHA and EPA regulations).

0 Purge the transformer case with dry nitrogen and seal.

0 Deliver the existing transformer to the interim hazardous waste

storage area on the base (comply with OSHA and EPA regulations).

0 Provide and install new transformers.

0 Connect new transformers and test.

Request PWC personnel to energize the system.

Verify proper operations and turn the coperating transformer over

to EG&G Idaho. Inc. for remanding to PWC San Diego.
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:3- 5 :3 -!t

PART - M.S;E' -NE;US ^NC ANCL''ZRY """•-S

GENERAL:

Furnish all labor, material:, ecuipment, a-d ap:liances required to complete

"the installation of :he complete electrical systems. All labor, materials,

service, equipment, and workmanship shall conform to the applicable chapters

cf the NEC (NFPA 70) and other authorities having lawful jurisdiction

pertaining to the work required- All modifications required by these codes,

rules, reculations, and authorities shall be made by the Subcontractor

without additional charge to the Contractor.

Underwriter's Laboratories (UL): All materials, appliances, equipment, or

devices shall confor-n to the applicable standards of UL where such standards

exist. AIT material, appliances, equipment, or devices shall be listed
and/or labeTed by UL where such standards exist.

Completed electrical system shall conform with applicable provisions of the
Special Conditions, the Technical Specification, and the attached subcontract
drawings.

CONDITION OF PROOUCTS:

Except as otherwise- indicated, provide new electrical products, free of
defects and harmful deterioration at the time of installation. Provide each
product complete with trim, accessories, finish guards, safety devices, and

similar components specified or recognized as integral parts of the product,
or required by governing regulations.

UNIFORMITY:

Where multiple units of a product are required for the electrical work,

provide identical products by the same manufacturer without variations except

for siz4: and similar variations as indicated.
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-CORNAT:cN OF ELECTM::AL WCRK:

General: :t is recognized that the subcontract documents are ciacrammatic in

showing certain physical relationships that must te sablished within the

electrical work and in its interface with other work, including utilities and

mechanical work, and that sucn establishment is the exclusive responsibility

of the Subcontractor.

Arrange electrical work in a neat, well-organized manner with condJit and

similar services running parallel with the primary lines of the building

construction and with a minimum of 7 feet overhead ciearanze where possible.

Locate operating and control equipment properly to provide easy access and

arrange entire electrical work with adequate access for operation and

maintenance.

RASIDENT ENGINEER:

The EG&G Idaho Resident Engineer will ensure that the installation complies

with crawings, specifications, and witness testing.

TRANSFORMERS

PART I - GENERAL

WOrK DESCR:FT:CN:

Provide anc install transformers of sizes, ratings, and types as shown on the

referenced data sheets and engineering specification.
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M4ATER IALS:

The trans formers snail be as socwn on the attached data sheets and shall be

installed at ,he locaticn indicated on the drawincs.

The transformer enclosure shall be suitable for the environment that the

transformer is installed in.

PART 3 - EXECUTION

INS-,LLAIT4ON:

Install transformers as indicated on the drawings and in accordance with

manufacturer's written instructions, appiicable requirements of NEC and-the

NEC Association's "Standa-d of Installation," and complying with recognized

industry practices to ens.re that products serve intended functions.

TESTING:

Visually inspect to determine that equi;ment installation conforms tj NEC,

these specifications, and the drawings and testing as described unde," the

testing section of the specification.

GROUND:NG

PART I - GENERAL

WORK DESCR:PT:ON:

Provide and inztail grounding on all transformer cases and tie into the

existing grounding system.
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7-!\ 2 C Z'1-

Grounr4cn electrce wire shall be a minimum of No. 2 A4.4 :are strandec zzp:er

and comply with NE^ Tam½ 250-94.

Ground crid welds shall be made by the Thermit process.

PART 3 - -,--

Install a complete grounding system for the transformers in accordance with
applicable requirements of NEC and complying with recognized industry
practices to ensure that products serve intended functions and comply with

requirements. All exposed noncurrent-carrying metallic parts oF electrical

equipment, conduits, grounding conductor of nonmetallic sheathed cables, and
neutral conductor of the wiring system shall be grounded.

Exothermic Welds: Exothermic welds shall be made in accordance with the
manufacturer's written recommendations. No mechanical connector is required

at exothermic weldments.

TESTING:

Visually inspect to determine that ground installation conforms to NEC, these

specifications, and the drawings.

CABLE, W-RE, CONNECTORS AND MISEL.LANEOUS CEVICES

PART I GENERAL

WORK CESCRIPTION:

Provide and install conduit systems, cables, wires, aid wiring connectors of
sizes, ratinas, materials. and types as shown on the drawings.
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Wl;ING MATERIALS 5 KY AND IS KV CLASS:

All 5 KV and 15 KV cable shall be shieiced and properly terminated. Cable

shall be EPR MV-90 shielded cable and shall have a 1i3% insulation level.

HIGH VOLTAGE SPLICES:

Splices in high voltage cables. Splices shall be suitable for continuous

immersion in water and shall be made only in accessible locations in

manholes.

Certification. High voltage cacle splicer/terminator certification of

competency and experience shall be submitted 30 days before splices or

terminations are made in high voltage cables. Splicer/terminator experience

during the past 3 years shall include performance in splicing and terminating

all cables of the type and classification being provided under this contract.

Kit Methods. High voltage splices shall be made using a "kit," which shall

be the product of one manufacturer and shall have the approval in writing of

the manufacturer of the cable that is to be spliced. The Contractor shall

provide for continuous submersion in water.

Heat-Shrink Method. All splices for 600 volt and less cables shall be done

by the heat-shrink method. Provide heavy-wall heat-shrinkable splice tubing

rated for sealed underground connector s"-tems. Tubing shall be available

uncoated, or with a thermop-stic adhesi,e-sealant that adheres to PVC,

neoprene, polyolefin, and EPR aluminum or steel.

Splices in High Voltage Cables. Splices shall be suitable for continuous

immersion in water and shall be made only in accessible locations in

manholes.
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2ert!i i• -7. vC!tace cab ,E s: icer/t'erninatr :er-:4 7- zati n o,

-nezency ant exoerience s., a s..! b :ays tefore s;ý'ices or

"terminatics are mace 4n hnch vcl.ace cables. Si -"---o ex- enr e

"rig t6ýe ;as: 3 years shall include perforMance in splicing and termina:ing

cables of t'e type and classificaticn being provibed under tnis contract.

Kit Met~hocs. Hich voitace splices shall be miae usin. a "kit," which shall
:e tne product cf one manufacturer anc snail have the a:proval in wrizing of

the manufacturer of the cable that is ta spliced. The contractor shall

provide the Contracting Officer or Contractor's Quality Control

representative with a copy of the manufacturer's instructions before splicirg

is started. Splices shall be made only in manholes.

Splices in Shielded Cables. Splices in shielded cables shall include

covering the spliced area with metallic tape, or like material, to the

original cable shield and connecting it to tne cable on each side of the.

slice. Provide a No. 6 AWG bare copper ground connection brought out in a

water ticht manner and ground to a 3/4 inch x 10 feet ground rod as part of

the splice installation. Wire shall be trained to the sides of the enclosure

in a manner to avoid interference with the workinc area.

Phasing and Rotation. Contractor to record the phasing and rotation of the

existing electrical system before cable splicing, cable removal, termination,

and/or any work that could alter the phasing and rotation of the system.

After completion of the work and before connecting any load to the system,

the contractor snali verify that the phasing and rotation is as it existed

and has not been altered.

WIRING MATERIALS, 60O V CLASS:

Conductors shall be stranded for all sizes of wire and cable.

Conductors shall be copper for all sizes.

Wire insulation shall be type THHN/THWN for all 600 volt conductors unless

c:herwise noted.
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Mi4m1.m size of ;cwer conductors snail be No. 12.

Solices for 6C0 Volt Cables. Splices in underground systems shafl te made
only in accessible locations, such as manholes and handholes, using a
c-moression connector of the ccncuctor and ty insulating and water proofing
ty a method suitable for continuous submersicn in water.

Heat-Shrink Method. All splices for 600 volt and less cable shall be done by
the heat-shrink method. Provide heavy-wall heat-shrinkable splice tubing
rated for sealea underground connector systems. Tubing shall be available

uncoated, or with a thermoplastic adhesive-sealant that adheres to PVC,
neoprene, polyolefin, and EPR aluminum or steel.

CONNECTORS:

Compression and/or lug type connectors, such as "Burndy", shall be used for

splicing No. 6, and larger 600 volt cable.

High Voltage Cable Terminations. IEEE 48, Class 2. Except as otherwise
indicated, terminators for extruded insulation nonmetallic jacketed cables

shall be porcelain insulator type. Apply terminator to sinc:e conductor

cables or to each conductor of multiple conductor cable that are to the
weather. Terminator shall not exude any filler compound under either test or

service. The terminator shall consist of a porcelain insulator, cable
connectoor-hoodnut assemble, and aerial lug, as required, metal body and
supporting bracket, sealed cable entrance, and internal stress relief device

for shielded cable, and insulating filler compound or material.

Terminator, Modular, Molded Rubber Type. IEZE 48, Class 2. Provide

terminator as specified herein for terminating sincie conductor, or the

sincle conductor of multiconductors, solid insulated, nonmetallic jacketed
type cables for service voltage up to 25 KV outdoor. The terminator shall
consist of a stress control, ground clamp, nontracking rubber skirts,
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-ri-:-on ::".nec:cr, ru.cer ca-:. and aerlal v:c. Prcvý•e heat-shrn"-nka :,.e
elbow sea] ic aza::or as shown on plans, atIowirc the metallc catle

snieldinc to be externally crounded and sealed. Seoarate parts of co.zer :r

cc~per a",oy shall not be used in c:ntact with aiminum or aluminum alloy
parts in the cons:ruc:ion and instailation of the terminator.

'ire/Cevice Identification: Ail cable syster-s, ma.or conduits, and devicss

shall be permanently marked. Conduits shall have stainless steel tacs a:
every 60 feet or where wall or buiTding penetrations occur. All conductors
shall be identified with self-adhering ciT and moisture resistant vinyl

labels, covered with clear heat shrink tubing or white heat shrink tubing
with black typed on letters with nonsmearing ink as manufactured by Brady,

T&B, or approved equal. Hand lettered labels shall not be used. All

conductors shall be clearly marked with the proper phase identification.

CONDUIT SYSTEM:

All conduits shall be RGS or IMC with exception of underground, which can be

PVC, and which shall be 3 feet minimum below grade and encased in 2 inches
minimum red concrete. All bends must be RGS or IMC. Conduit systems shall

be completed per the NEC.

PAR- 3 EXvCUTION

!NSTALL4TICN:

General: Install electricaT cable, wire, and connectors as indicated on the

drawings, in accordance with the manufacturer's written instructions,

acplicazie requirements of NEC and NECA's "Standard of installation", and in
ac:ortance with recognized industry practices to ensure products serve

intended fjncticns.

Pull conductors together where more than one is being installed in a raceway.

Co not exceed the conductor manufacturer's reczmended pulling tension or as
szecified in the IPCS Handbook. Use puiling c:opound or lubricant, where
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necessary; c:mcound must not detericra:e conductor Cr instal 7aticn. Tersi4n

shall be monitored when pulls involve more than 40 feet or when 3 or more 3

degree turns are in the sys:em.

Use pulling means including fish taDe, cable, or rope which cannot damace

raceway.

Install splices and taps in an accessible junction box that has mechanical

strength and insulation rating equivalent-or-better than conductor.

Use splice and tape connectors that are compatible with conductor material.

TESTING:

High Potential: After installation and installing stress cones, all 15 KV

cable shall be tested at twice the normal operating voltage plus 1000 vo~ts.

The test duration shall be 15 minutes on each cable. See IEEE standard

400-1980 (IEEE guide for making high-direct-voltage tests on power cable

systems in the field).

Meggering: Before terminating, test all cable or wire for insulation

resistance with 500 volt megger. Any wire with less than 10 megohms to

ground or other conductors shall be replaced before proceeding with the

terminating. List conductors tested on required test data submittal sheet.

ELECTRICAL CONTINUITY AND PHASE ROTATION:

After conductor connectors are installed and conductors are labeled, but

before termination to. terminals or devices, an electrical continuity test

shall be performed on each conductor asing a battery powered buzzer r-

ohmmeter to determine that all power, control, grounding, and other

conductors are properly installed and identified. List all conductors tested

on required test dat- submittal sheets.

After initial enerai.-.:ng of the transformer, chE :or proper phase rotation.
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APPENDIX 0

U-1Z!NE SPITL PREVENTION, CONTROL, AND C"'UNTERMEASUR7S PLAN
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oVTL:NE SPLL 'REVEN7:1N, CCNT7OL, AND CCLNTERMEASUPES PLAN

M cUm SP:-L PE'CN-T-N Ecu: U-!E J4TS

The foilowing shall be performed before the start of and during any
fluid removal from a licuid cooled transformer (i.e., PCB filled, oil
filled, or silicone filled).

a. A layer of 6 mil polyethylene sheeting shall be placed around the

transformer.

b. If drains are present, measures will be taken to eliminate the

potential for any fluids from entering the drains. This

includes, but is not limited to, constructing a dike, trenching

around the drain, and/or plugging the drain.

C. Before pumping the fluids, all hoses shall be inspected for any

holes, cracks, or de-erioration. Fittings shall be inspected to

ensure a proper connection. Any gaskets utilized in the pumping
operations shall be inspected for integrity. Approved hoses,
pumps, and gaskets shall be used.

d. Drip pans shall be placed under pumps and connections.

e. Pumps and hoses shall be positioned so as to minimize any

tripping hazard.

f. Personnel will monitor the pumping operation at all times.

g. An adeouate supply of absorbent materials and cleanup equipment

shall be readily available in the event of a mishap.
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This -ncluces tne foilcwing, Cut not ýi'ited tc:

":. Shovels

2. Brooms

3. OT drums: i7E, 17H, and E5 gallon recovery crim

. Ample supply of racs

5. Vermiculite (Speedi-Ory)

6. Absorbent booms and/or absorbent pads

7. Assorted corks, plugs, and emergency seals

8. Material Safety Data Sheets (MSDS).

h. All safety equipment shall be inspected before use.

CONTROL

In the event of a spill or leak, the following procedure shall be

implemented:

a. Stop the source of the spill. Below is a list of probable source

of spills when working with liquid cooled transformers, and the

remedial action to be taken to eliminate the problem.

Source I. T-ansfor-ner

I. Location of leaks: valves. Remedial action: plug valve

to reduce or stop spill. Pump fluid below valve and replace

faulty valve.

2. Location of leak: bushing. Remedial action: Pump fluid

below bushing level. Replace gaskets, or if necessary,

replace bushing.
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:. Location of 'eak: tank wall or radiator ;i:e. Remec'al

action: pump fluid below leve' of leak and either ezoxy or

weld close the leak surce. If the source of the leak 'is

small, a vacuum can be ;ulled on the transfor-mer Zefcre

applying the epoxy sealant r welding. Pulling a vacuum on

the transformer eliminates the need for any pumping

operations.

4. Location of leak: tap changer, liquid level gauge, or

temperature gauge. Remedial action: remove fluid below

level and replace packing material, gaskets, or thread

sealant where applicable.

Source 2. Pumps or Hoses

Remedial action: Stop all pumping operations and place apparatus into an

adequate container to capture any fluids.

Source 3. Drums

Remedial action: In the event that the drum is seeping at the seams, the

fluid shall immediately be transferred to another drum. Should a drum

rupture or become punctured, an oversized recovery drum will be used. The

recovery drum is placed over the top of the leaking drum. Then, the

recovery drum is placed upright, containing the leaking drum.

b. Stop the migration of any spilled fluid. This can be done by

placing the berm around perimeter of the spill. A berm can be

constructed using any type of absorbent material, i.e.,

vermiculite (Speedi-Dry), sand, rags, absorbent boom or pads.

C. Sclidifv any -'-ee standing fluid.
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d. Sa~etv au:a-e! s'a"' be wcrn when dealing wi.n stills involving

PI' fluids.

CCUNT7EZMSUPES

The countermeasure operations are the cleanup and disposal of all

contaminated material that is a result of the spill. The primary goal of

all cleanup activity is to maintain a safe environment.

a. Cleanuo

1. Fluids: If the volume of fluids is great enough to where

solidification is impractical, the liquid shall be pumped
into DOT 17E drums. These drums must be properly labeled

and dated.

2. Solids: Any porous solids (soils, asphalt, wood, paper,

etc.) contaminated by the spill shall be placed into DOT 17H
(removal head) drums. These drums must be properly labeled

and dated.

3. Major Spills: In the event that the spill exceeds the

control and cleanup capabilities that are onsite, an outside

contractor, who specializes in environmental cleanup and has
all permits and licenses required, must be contacted. This

contractor must be equipped to handle various types of

spills.

lnalysvs. During the cleanup operations, samplino. and analysis

must be performed. The analytical data are needed to present an

accurate picture of the following:

1. The extent of the spill

2. The effectiveness of the cleanup operations
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. The point in time when :he erv r~nment has been

decontamina:ed.

b. Disnosal. The disposal of all contaminated materials must te in

accorzance with the apolicaole EPA reculations (:0 CFR 761).

All work will be inspected by the EG&G idaho, Tnc.

representative.

Transportation of hazardous waste to the disposal site shall

conform to 40 CFR, Part 263. All Federal, state, and local

permits and labeling and approvals shall be completed before the

shipment of waste from the transformer site.
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S' :TCHGEAR SpEC:F::AT7:N

1.0 GENEý!L

Provide and irstall switchgear with the transformer as referenced in the

data sheets. The switchgear shall consist of one or more enclosed

vertical sections joined together to farm a rigid, free standing

assembly. The construction of the switchgear shall meet the requirements

of the NEC.

2.0 PRODUCTS

600 Volt: Switchgear shall be suitable for operation for 480 volt, 3

phase, 3 wire, 60 Hertz grounded service..

Vertical Sections: Vertical sections shall support the horizontal and

vertical buses, covers, and doors, and shall be designed to allow for easy

rearrangement of units. Vertical sections shall have structural

supporting members formed of a minimum of 13 gauge hot-rolled steel. All

finished surfaces shall be blemish-free. Each section shall be 90 inches

high and shall have 7 gauge steel, 3 inches high, removable lifting angle

and two 1-1/2 inches high base channels. Complete control center lineups

shall be divided into shipping splits no wider than approximately 60

inches. A "ting angle shall be provided on the top of each shipping

split and s .'Il extend the entire width of the shipping split. Lifting

angles shall be designed to support thementire weight of the switchgear

and shall have access points or lifting'eyes to facilitate handling. Base

channels shall be provided with holes to permit bolting the switchgear to

the floor. The entire assembly shall be canstructed and packaged to

withstand all stresses induced in transit and during installation.

Switchgear shall be designed so that matching vertical sections of the

same current rating and uufacture can be added later at either end of

the lineup w~thout use of transition sections and without difficulty.

Removable end closing plates shaIT be provided to ciose off openings on
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the end of the lineuo. A removabie top plate shall te provided on each

vertical section and shall be of one piece cznstr:ction for added

convenience in cutting conduit holes. The design shall ajlow use of the

standard conduit entrance area without significant sag or deformation of

the top plate.

Vertical sections shall be designed to accommodate plug-on units in

front-of-board construction. Vertical sections housing plug-on units

shall be 15 inches deep.

Vertical sections shall be provided with both horizontal and vertical

wireways. Sufficient clearances shall be provided in the horizontal

wireway so that no restriction is encountered in running wires from the

vertical to horizontal wireway. Wireways shall be in accordance with the

wireways section contained in this document.

Horizontal Wireways: Horizontal wireways shall be provided in the top and

bottom of each vertical section and shall be arranged to provide full

length continuity throughout the entire assembly. The top horizontal

wireway shall have a cross sectional area of not less than 20 square

inches with openings between sections of not less than 11-1/2 square

inches. The bottom horizontal wireway shall extend through the length and

depth of the 11-1/2 square inches to allow for full length continuity

throughout the entire assembly. The bottom horizontal wireway height

shall be not less than 9-1/4 inches. Covers for all wireways shall be

equipped with captive type screws to prevent loss of hardware during

installation. All wireways shall be isolated from the bus bars.

Ve-tical Wireways: A vertical wire trough shall be located on the

right-hand side of each vertical section and shall extend from the top

horizontal wireway to the bottom of the available unit mounting space.

Each vertical wire trough shall have a cross-sectional area of not less

than 19 square inches and shall be isolated from the bus bars to guard

against accidental contact. A separately hinged door having captive type

screws shall cover the vertical wire trough to provide easy access to

control wiring without disturbing the unit.
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Reusaole wire ties shall be furnished in each vertical wire trough for the

purpose of grouping and securely holding wires in place for a neat and

orderly installation.

Bus Bars: A continuous main 3-conductor horizontal bus shall be provided

over the full length of the switchgear. When necessary, the bus shall be

split to allow for ease in moving and handling. Splice bars will be

supplied to join the bus whenever a split has been made. All splice

connections shall be made with at least 2 bolts. Horizontal busbars shall

be mounted edgewise and supported: by insulated bus supports. Insulation

shall be used as required by NEDA% standards and shall be dated at no less

than 600 VAC.

For distribution of power from the main horizontal bus to each unit

compartment, a 3-phase vertical bus shall be provided. The vertical bus

shall be firmly bolted to the horizontal bus for permanent contact.

The main horizontal and vertical buses. shall be made of copper and the

entire length shall be electrolytically tin plated to provide maximum

protection to the bus bars from normal or adverse atmospheric conditions.

The main horizontal bus rating shall be a minimum 800 amperes continuous.

Vertical bus rating shall be a minimum of 300 amperes for adequate current

carrying capacity. Continuous current ratings. shall be in accordance with

temperature rise specifications set forth by UL, ANSI, and NEMA standards.

A copper ground lug shall be provided in each incoming line vertical

section capable of accepting No.8 to 350 MCM cable. A horizontal (and

vertical) tin plated copper ground bus shall be provided in each section

of the switchgear. Horizontal ground bus shall run continuously

throughout the switchgear except where splits are necessary for ease of

shipment and handling in which case splice bars shall be provided. Ground

bus shall be tin plated copper. Horizontal ground bus shall be located at
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"the bottom of the swit:haear. Vertical ground tus snall run parallel :o

the power distribution bus in each vertical sec:ion. Cesign shall be such

that for any plug-on unit the ground bus stao shall Take contact with the

ground bus before the power bus contact is made.

Bus Bar-'e-r: insulated horizontal and vertical bus barriers shall be

furnished to reduce the hazard of accidental contact with the bus.

Barriers shall have a red color to indicate proximity of energized buses.

Vertical bus barriers shall have interlocking front and back pieces to

give added protection on all sides and shall segregate the phases to

reduce the possibility of accidental "flash over." Small, separate

openings in the vertical bus barriers shall permit unit plug-on contacts

to pass through and engage the vertical bus bars. Bottom bus covers shall

be provided below the vertical bus to protect the ends of the bus from

accidental contact with fish tapes or other items entering from the bottom

of the enclosure.

Controls and Meters: All new service panels shall be equipped with the

following:

KiTowatt Meters. Type II, Class 3, Style B and shall have provisions for

pulse inititation. Kilowatt meters shall be flush switchboard type as

indicated on the drawings and shall be totally compatible to each

particular application. Kilowatt meters shall be of one manufacturer,

secondary type.

The meters shall have an electronic demand register. The

register shall be used to indicate maximum kilowatt demand as

well as cumulative basis. It shall have provisions to be

programmed to calculate demand on a rolling interval basis.

W The regiser shall be of modular design. The electronic module,

containing all the program variables, shall be able to be easily

removed from the mechanical register for programming, maintenance

and trouble shooting.
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the bottom of the switchgear. Vertical grcund bus shall run parallel to

the power distribution bus in each vertical section. Design shall be such

that for any plug-on unit the ground bus stab shall take contact with the

ground bus before the power bus contact is made.

Bus Bar'e-es: Insulated horizontal and vertical bus barriers shall be

furnished to reduce the hazard of accidental contact with the bus.

Barriers shall have a red color to indicate proximity of energized buses.

Vertical bus barriers shall have interlocking front and back pieces to

give added protection on all sides and shall segregate the phases to

reduce the possibility of accidental "flash over." Small, separate

openings in the vertical bus barriers shall permit unit plug-on contacts
to pass through and engage the vertical bus bars. Bottom bus covers shall
be provided below the vertical bus to protect the ends of the bus from
accidental contact with fish tapes or other items entering from the bottom
of the enclosure.

Controls and Meters: All new service panels shall be equipped with the
following:

KiTowatt Meters. Type II, Class 3, Style B and shall have provisions for
pulse inititation. Kilowatt meters shall be flush switchboard type as
indicated an the drawings and shall be totally compatible to each
particular application. Kilowatt meters shall be of one manufacturer,

secondary type.

"* The meters shall have an electronic demand register. The
register shall be used to indicate maximum kilowatt demand as
well as cumulative basis. It shall have provisions to be

programmed to calculate demand on a rolling interval basis.

"* The register shall be of modular design. The electronic module,
containing all the program variables, shall be able to be easily
removed from the mechanical register for programming, maintenance
and trouble shooting.
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"* A2 electronic modules snall be physically ident'cal and

interchangeable.

"* A frictioniess optical assembly, nounted directly to the meter

frame, generating 12 pulses per meter cisc revolution for input

to the electronic recister shall be provided.

Each kilowatt meter shall also be complete with a 5-dial

mechanical kilowatt hour register.

Meters shall be 3 stator, 120 volt for use on a wire Y, 3-phase

system.

Meter multiplier shall be shown on the face plate and shall be

the product of the indicated current transformer and potential

transformer ratio.

Draw out arrangement for meter removal incorporating

automatically short circuit current transformer circuits.

"• Meter covers shall be polycarbonate resin.

"* Meter detent to prevent negative registration by restricting the

backward rotation of the disk.

"* The normal billing data scroll shall be fully programmable. The

following items shall be displayed in the data scroll:

- Kilowatt hours

- Maximum demand

Cumulative or continuously cumulative

- Number of demand resets

- Time remaining in interval

- End-of-interval indication

- New maximum demand indication
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The register sha'l incorporate a `uilt-4n test -ode that allows

it to be tested without the need for any s~ecial tools or other

accessories and saves data and cons:ants tefore start of the

test. The following quantities shall te avaiiable for display in

the test mode:

Time remaining in demand interval

- Present interval's accumulating cemand

- Maximum demand

Number of impulses being received by the register

* Pulse initiator with programmable ratio selection.

Battery with battery port for quick changes.

Meters shall be programmed after installation.

Meters shall be tested, calibrated, and certified after

installation.

Self-monitoring to provide for stored data check sum error, ROM

and RAM checksum error, battery fault, and unprogrammed register.

Liquid crystal display, g digits, blinking squares confirm

register operation.. Large dicits for data and smaller digits for

display identifier.

Display operations, programnmable sequence with display

identifiers. Display identifiers shall be selectable for each

item. Continually sequence with time selectable for each item.

Ci-:uit Breakers: Molded e circuit breakers shal" be furnished in

branch feeder units using %.. cuit breakers as a disconnect means. All

circuit breakers will have a push-to-trip test feature for testing and

exercising the trip mechanism. Breakers shall be UL listed for a minimum

of 22,000 amperes RMS symmetrical fault withstandazility.
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Main breakers (480 volt panels cnly) shall be e-u4-oed with auxiliary

contacts and shunt trip coils. Optional electrical operation Mechanisms

shall be proposed for possible use if fýndinc levels are acequate.

:de~ti~c~ction: A control center identificaticn nameplate with factory

identification numoers and characteristics shall te fastened on the

vertical wire trough door of every section. Each unit shall have its own

identification nameplate fastened to the unit saddle. These nameplates

shall have suitable references to factory records for efficient

communication with supplier. Each unit shall also have an engraved

nameplate fastened to the outside of the unit door for ease in

identification and for making changes when regrouping units. Main

breakers (480 panels only) shall be equipped with auxiliary monitoring

contacts and shall be equipped with short trip controls. Optional

electrical operations shall be proposed for possible use if funds are

adequate.

Wiring: The switchgear wiring shall be NEMA Class II, Type B.

As defined by NEMA Standard ISC-2-322, Class II switchgear shall include

the necessary electrical interlocking and interwiring between units.

Type B wiring shall include terminal blocks mounted on lift out brackets

in the units.

Terminal blocks shall be quick separating pull-apart solderless box lug

type or equal.

Finish: All metal structural and unit parts shall be completely painted

using an electrodeposition process so that the interior and exterior

surfaces as well as bolted joints have a complete finish coat on and

between them.
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3.1 Following tests sha2l be performed and results recorted. All the

equipment tests shall be performed in accor:ance wý-h :EEE, NEMA. and ANSI

Stancards where such stancards are definitive. All est cata including tut

not limited to test circuitry, faulty ecuipment, and remedial action will

te recorded, certified, correlated, bound, and furnished to the Owner.

a. Wiring continuity - point to point check and verification with the

wiring diagrams.

b. Wiring insulation - check to ground - megger at 600 volts.

c. Power of proper amplitude and frequency shall be applied to all AC and

DC circuitry. Three-phase potential and current of proper frequency.

shall be applied to all applicable AC connections.

d. Polarity tests of all AC and DC circuitry. Three-phase power and

phase angle meter shall be used to make AC polarity test on power

feeds and metering circuits.

e. Functional tests shall be performed on all equipment to indicate

proper operation of all protection, metering, and control equipment.

Power circuit breaker simulators shall be employed for the primary bus

to verify proper operation of all equipment.

f. The Owner may at his option provide specific relay and metering test

forms to be complied with, otherwise the Seller shall submit 2 copies

of Seller's standard test forms for review by the Engineer.

g. All "as left" test values shall be recorded and shall be within

manufacturer's tolerances. Manufacturer's tolerances shall be

indicated on the test forms.
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n. The intent of the aczeptance test is to ,zerrmine -nat tne meters and

relays have not sustained damaged curing shi:ment -"om the

manufacturer and that the meters and relay cali-rations have not been

disturbed. f tne examination or test i4nc'iýcates tnat re-adjustment is

necessary, the relay shall be repaired ancd'Icr calitrated as per

manufacturer's inrstructicns.

3.Z The Owner and/or Engineer may elect to visit the Seller's facilities

on completion of fabrication of the equipment to inspect the equipment and

witness testing as outlined in Section 3.1.
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SPECIFICATION

FOR THE PURCHASE AND INSTALLATION OF

CAST COIL TRANSFORMERS AT THE

SAN DIEGO NAVAL FACILITY

1. SCOPE

1.1 Scoge. This specification covers the design, fabrication, testing,

installation, and inspection of cast coil, dry-type, power transformers and the

removal of existing polychlorinated biphenyl (PCB) transformers, handling of
PCB fluid, and obtaining the permits required for hauling hazardous waste. The

intent is to make a turnkey replacement with advanced technology transformers

including any equipment needed to replace the existing transformers. They will

be used to provide the Navy with performance data on these advanced technology

devices.

1.2 Applicability. It is not the intent to specify details of design and
construction except where necessary to establish performance requirements, nor
is it intended to set forth those performance requirements, which are

adequately specified in applicable standards.

All components of the transformers shall be new and function in a

satisfactory manner within their rated capacity under the specified service

conditions regardless of whether all necessary specific performance

requirements are set forth herein or in applicable standards.

2. APPLICABLE DOCUMENTS

The following documents form a part of this specification to the extent

specified herein. The issue of a document and amendments in effect on the date

of publication of this specification shall apply.
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2.1 American National Standard Institute (ANSI).

ANSI-C57 12.01 General Requirements for Dry-Type Distribution and

Power Transformers

ANSI-C57 12.70 Terminal Markings and Connections for Distribution and

Power Transformers

ANSI-C57 12.80 Terminology for Power and Distribution Transformers

ANSI-C57 12.91 Test Code for Dry Type Distribution and Power
Transformers

ANSI-C57 12.94 Recommended Practice for Installation Application,

Operation, and Maintenance of Dry-Type General Purpose

Distribution and Power Transformers

ANSI-C57 12.96 Loading Dry-Type Distribution and Power Transformers

ANSI-C57 12.98 Guide for Transformer Impulse Tests

C2-1989 National Electrical Safety Code

Z35.1 Specifications for Accident Prevention Signs

2.2 National Electric Manufacturers Association (NEMA).

NEMA TRI-1974 Transformers, Regulators, and Reactors

2.3 National Fire Protection Association (NFPA) Publication.

NFPA 70 National Electrical Code
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2.4 Others.

IEEE 400-1980 IEEE Guide for Making High Direct Voltage Tests on
Power Cable Systems in the Field

NEESA 20.2 - 028a PCB Compliance, Assessment, and Spill Control Guide

OPNAVINST 5090.1 Environmental and Natural Resources Protection Manual

29 CFR General Industry Safety and Health Standards

40 CFR 263 Standards Applicable to Transporters of Hazardous Waste

40 CFR 761 Polychlorinated Biphenyls (1979)

49 CFR 172 Hazardous Materials Tables and Communications Standards

49 CFR 173 General Requirements for Shipping and Packaging

California CAC
Title 22,

Civision 4 Environmental Health

PWC San Diego Utility Standards

MIL-P-28641 Primer Coating, Vinyl Chlorine Acetate, Copolymer, High

Build (for steel and masonry)

MIL-Q-9858A Quality Program Requirements

3. TECHNICAL REQUIREMENTS

3.1 General. The transformers shall have low loss metal cores and shall be

three phase three-winding, self-cooled, dead front, suitable for installation

indoors or outdoors, or as specified in the attached data sheets in
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Appendix A. They shall have primary and secondary compartments that shall

enclose all termination devices so that no live parts are exposed when the

transformer is energized. Unit substation transformer installations are exempt

from the dead front requirement. The transformer and installation shall meet A

all applicable requirements of the ANSI, ASTM, NEC, and NEMA publications as

specified herein. The transformer shall be of new construction. The

successful bidder shall be responsible for all field modifications,

measurements, provide installation and checkout, and turn the transformer over

to the operations department, PWC San Diego, through the EG&G Idaho, Inc.

Resident Engineer, ready for operation.

3.2 Electrical Products. All materials, a-pliances, equipment, or devices

shall conform to the applicable standards of the Underwriter's Laboratories,

Inc. (UL) and applicable chapters of the National Electrical Code (NFPA 70),

where such standards exist. All materials, appliances, equipment, or devices

shall be listed and/or labeled by UL, where such standards exist.

3.3 Condition of Products. Except as otherwise indicated, new electrical

products free of defects and harmful deterioration shall be provided at the

time of installation. Each product provided shall be complete with trim,

accessories, finish guards, safety devices, and similar components specified or

recognized as integral parts of the product, or required by the governing

regulations.

3.4 Uniforrity. Where multiple units of a product are required for the

electrical work, identical products shall be provided by the same certified and

approved manufacturer without variations except for sizes and specific

variations as indicated.

3.5 Test Point Observation. The successful bidder shall supply EG&G Idaho

with a flow sheet for the manufacture of each transformer indicating all test

points. The successful bidder shall notify EG&G Idaho, in writing, of the date

that each test will be conducted at least 14 days before that test and will

admit EG&G Idaho and government representatives to witness the tests.
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3.6 Peronmance Requirements. Each transformer shall comply with the

following performance requirements as specified in ANSI-C57 12.00, except as

noted in the data sheet in Appendix A.

Transformer Rating As specified in Appendix A.

Auxiliary Cooling Forced air provisions, fan mounts, and

temperature sensor access points as a minimum

shall be provided for future. Refer to the

data sheets in Appendix A for special

instructions.

Primary Voltage As specified in Appendix A. Note special

dual voltage reouirements.

Primary Connection As specified in Appendix A.

Frequency and Phase 60 Hertz, 3 Phase

Secondary Voltage As specified in Appendix A. Note special

dual voltage requirements.

Secondary Connection Wye connection with neutral to be brought out

through an insulated bushing with external

ground strap.

Temperature Rise 80"C, per NEMA TRI-1974

Taps - No-Load Minimum of five full capacity high voltage

taps (two 2 1/2% taps above and 2 1/2% taps

below normal voltage and tap position

indicators).
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Insulation Levels

Primary Voltage 95 KV BIL for Insulation Class 15 KV and 75

KV BIL for Insulation Class 5 KV. Based on

specific voltage ratings, which are in the

data sheets in Appendix A.

Secondary Voltage 30 KV BIL for Insulation Class 600 V. For

specific voltage ratings, see the data sheets

in Appendix A.

Coil Construction HV and LV windings shall be cast as separate

rigid tubular coils and arranged coaxially.

Transformers 300kVA and under may be

constructed using approved non-tubular A

connected coils. Each cast coil shall be

fully reinforced with fiberglass cloth and

tape (or equivalent) and cast under vacuum in

a mold to ensure complete, void-free resin

impregnation throughout the entire insulation

system. Coils shall be supported by cast

epoxy bottom supports and spacer blocks (or

equivalent) and spring loaded top blocks (or

equivalent) and have no rigid mechanical

connection. Both primary and secondary

windings shall be copper or approved low loss

aluminum. Approval is based upon showing

optimal loss evaluation cost performance

values.

Impedance As specified in the data sheets in Appendix A

with the following guidelines:

1. The minimum allowable impedance for

transformers 750 KVA and above is 4.0

percent.

2. The minimum allowable impedance for

transformers 500 KVA is 3.5 percent.
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3. The tolerance is +/- 7 1/2 % except for

the transformers with dual rated primaries
which shall have an impedance tolerance of A

+/- 10 %.

No-Load Loss The no-load losses (core loss) shall be

optimized per the evaluation formula provided

in the attached bid pacKage/Request for

Proposal (RFP).

Load Loss The load losses (winding losses) shall be

optimized per the loss evaluation formula

provided in the attached bid package/RFP.

Sound Level Shall not exceed noise level per NEMA

standards.

Core Material The core shall be assembled with low loss,

(General) silicon steel sheets and shall be properly

braced and assembled. The specific type of

low loss silicon steel is to be determined by

the manufacturer to meet the lowest total

operating costs and optimize no-load losses.

However, the intent of this replacement

program is to install advanced technolo:•

transformers wherever it is economicall

feasible. The use of amorphous metal, .ser

etched steel, or other advanced technolIgy

core material is encouraged in order to meet

low operating cost criteria.

Core Material This section only applies to those devices

(Amorphous) specified with an anorphous metal core. The

transformer shall be constructed of low loss

amorphous metal in a wound or stacked cc

design as designated in the RFP. The

complete core assembly shall be fully

7
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encapsulated with a protective coating of
approved material to eliminate sharp edges

and prevent flaking particles and to protect

the core from corrosive products. The

no-load loss shall be less than 45% of those

for comparable silicon steel core designs.

It is known that wound core is standard.

However, a few of the options in the data

sheets specifically require that stacked core
will be treated as a research project to get

a "new" technology unit. The other amorphous

core devices can be wound (or stacked) at the

manufacturer's discretion.

3.7 Environmental Conditions.

Elevation 50 feet above sea level

Location Indoor/outdoor (See Appendix A.)

Temperature Range OC to 40"C

3.8 Accessories. The transformer shall have the following accessories as a

minimum. The accessories shall be constructed and located as described in

ANSI-C57 12.00.

Elbow terminators, fuses, and load breaker switches as called out in

Section 3.6, primary connection section, and per individual data

sheets in Appendix A.

Dial type thermometer with alarm contact of sufficient capacity to

control the future fan contrtr and an additional contact for a

future utility control system. Thermometer shall monitor the hottest

secondary coil phases.

"* Tap changer (de-energized operation only).

"* Lifting, moving, and jacking provisions.
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Stainless steel/aluminum nameplate with information required in A

ANSI-C57 12.00 on the transformer exterior. (note: stainless steel
is preferred)

Ground pads.

A junction box shall be located on the transformer nameplate and

contain a terminal board for all electrical circuits entering or

leaving the junction box. The junction box shall have a hinged door

with a gasket and a handle with provisions for padlocking. All

electrical circuits from components mounted within the transformer

shall run to this terminal board.

An optional coil surface tempe-ature sensing thermocouple shall be

mounted in the prevailing transformer thermal hot spot for each

secondary phase coil. As a minimum, provisions for adding a future

thermocouple shall be provided even if the option for the coil surface

temperature sensing thermocouple is not added. Each thermocouple

shall be installed such that ,- will preclude circulating air

influence. These three thermocouples will provide input to an

electronic temperature monitor. This instrument shall respond to the

hottest phase tenperature and automatically display this reading. An

analog meter shall continuously display the hottest phase temperature

and indicate individual phase readings or the maximum temperature

reached over a period of time. Light emitting diodes are not

acceptable. The highest temperature shall also be used to initiate

alarm and trip functions and is stored for future recall until the

maximum temperature memory is cleared. Fail safe alarm relay circuits

automatically actuate if supply power has been lost. Maximum

temperature can be recalled even if supply power has been

interrupted. A self-test procedure allows set points to be determined

and their operation verified. Alarm and trip set points will be

tested fromj the front panel. Open thermocouple circuits are detected

and indicated, but do not affect instrument operation. Manual control

of alarm and test functions shall be provided. All input and output

connections shall be made to the terminal blocks on the back of the

instrument. The set points of this thermal device shall be
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adjustable, and two sets of alarm and trip contacts shall be

provided. The alarm contacts on the temperature indicator shall be

factory wired and brought out to the terminal blocks on the exterior

of the transformer enclosure. The terminal blocks shall be mounted in

the junction box. A thermometer with a remote sensing bulb is not

acceptable. The thermocouple shall be removable without disconnecting

the electrical wiring. The temperature monitor system shall be

graduated in degrees centigrade and shall be tested at 200"C

before installing on the transformer. The thermally operated device

shall be coordinated with the transformer design and shall be

connected and set to function as follows:

- First stage shall be adjustable and set at 140"C temperature

at which the substation audible bell alarm is activated.

- Second stage shall be adjustable and set at 155"C temperature

at which the transformer is isolated by removing the electric

load and tripping all the power circuit breakers via the circuit

breakers' shunt trip coils (by others in the future).

3.9 Enclosure Construction. The enclosure shall be constructed of heavy gauge

painted sheet steel. All ventilating openings shall be in accordance with NEMA

and National Electric Code standards for ventilated enclosures. The base shall

be constructed of structural steel members to permit skidding or rolling in any

direction. Stainless steel enclosures for outdoor transformers are not

required, but optional prices for stainless enclosures are requested.

The core shall be grounded to the frame in accordance with applicable NEMA

and ANSI standards.

3.10 Paint. The color of the finished transformer shall be C37.20 Federal

Standard 595 dark forest green enamel.

3.11 Miscellaneous Requirements.

3.11.1 Insulated Phase Barriers. Primary or secondary insulated phase

barriers shall be provided.
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3.11.2 Undercoating. Transformers, which have bases that come in contact

with concrete, shall have the underside of their bases coated with a corrosion

resistant coating that conforms to Military Specification MIL-P-28641 (or an

equivalent) with a minimum thickness of 4 mils.

3.11.3 Warning Signs. In accordance with ANSI Z35.1, warning signs shall

be provided for the enclosures of electrical transformers having a nominal

voltage rating of 500 volts or above.

3.12 Provisions for Fan Cooling. The transformer, 500 KVA or larger, shall

have provisions for future fan cooling (by others). As a minimum, fan mounting

brackets and dial thermometers with control contacts shall be provided.

3.13 Testing. The following tests shall be performed in accordance with NEMA

TRI, ANSI-C57 12.91, and ASTM Standards as listed by the associated tests. All

testing, except the field tests, shall be done at the factory, and the

certified results shall be submitted to the buyer for approval before shipment

of the transformer. Field tests shall be performed unless specifically denied

by EG&G Idaho and shall also have certified test procedures and results if

opted by EG&G Idaho. All testing included in this Specification shall be A

performed and ;osts must be included in the transformer purchase price.

The purchaser reserves the right to witness any or all tests, and the

vendor shall notify the purchaser 14 days in advance of the date for conducting

any test (see Sectior, 3.5).

Field tests shall be conducted by representatives of the manufacturer and

shall be completed after the transformer has been set in place and before the

primary and secondary connections are made. These tests shall be as described

in Section 3.13.2.

The tests below shall be made on each transformer as a minimum

requirement. The order of listing does not necessarily indicate the sequence

in which tie tests shall be conducted.
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3.13.1 Factory Electric Tests.

1. Coil resistance measurements of all windings on the rated voltage

connection and at the tap extremes.

2. Turns ratio test on the rated voltage connections.

3. Polarity and phase relation tests on the rated voltage connection.

4. No-load loss at rated secondary .oltage on the secondary voltage

connection.

5. Exciting current at rated voltage on the rated voltage connection.

6. Impedance and load loss at rated current on the rated voltage

connection and on tap extremes.

7. Temperature rise tests under conditions specified in ANSI Standards

for transformers (typical temperature rise of the "exact" design may

be substituted with written approval).

8. Dielectric test.

9. Applied potential test.

10. Induced potential test.

11. Impulse test.

12. Partial discharge test (Note: this test is not covered by ANSI-C57

12.91), test at 1.5 times the rated voltage and 400 Hertz (or equal).

If partial discharge does not extinguish by 110% of rated voltage, the

transformer shall be rejected. Optional standard factory test methods

must be approved by the Resident Engineer before they can be

substituted for this test.

A-98



ES-51334

3.13.2 Field Tests. Field tests shall be performed as part of

installation. Test reports shall be certified for methodology and accuracy.

No-load loss as measured from the secondary winding at ambient

temperature (ANSI-C57 12.9). Record both ambient and top oil

temperatures. Conduct this test on both the existing transformers to

be removed and the new transformers. Record ambient temperatures on

the test reports.

Insulation power factor (Method II ANSI-C57 12.90, Section 10.9) Doble

Test or equal. (Insulation power factor to be 0.9 or less.)

Before energizing transformer, test transformer turns ratio (TTR) at

all tap settings. Megger all leads before connecting them to the

transformer and check the leads for grounds using a VOM before any

connections are made. Any lead with a Megger reading of less than

10 megohms shall be replaced.

4. QUALITY ASSURANFE eROVISIONS

Unless otherwise specified, the supplier is responsible for all

examinations and inspections as specified here;.. The vendor shall maintain a

Quality Assurance Program in accordance with MIL-Q-9858A or an approved equal

during the performance of the contract, which provides adequate quality

assurance and control throughout design, fabrication, testing, inspection, and

shipping of the transformer. The vendor shall provide the documents describing

the Quality Assurance Program and containing the procedures that will be

invoked to comply with the above. An Ins.-=tion and Test Procedure shall be

prepared and submitted to the buyer for a.;ý'oval. Final inspection and test

reports as required by this Specification shall be submitted to the buyer for

approval. The vendor shall maintain a calibration sys 4 nm for the periodic

calibration of test instruments to standards traceable to the National Bureau

of Standards.

Vendor data shall be submitted per att,.ned "Vendor Data Requirements List"

(see Appendix B).
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5. PACKAGING

The transformer shall be prepared for shipment within the Continental
United States. All accessories shall be protected from damage. The

transformer shall be sealed to prevent entry of moisture or foreign materials

during shipment. Documents as indicated in Appendix B shall be required.
Shipping is the responsibility of the supplier as part of the total

installation package.

6. SUBMITTALS

Within 30 days of receipt of the order, the vendor shall furnish the

purchaser all necessary outline drawings and weights of the transformers.

6.1 Shop Drawings and Manufacturer's Data. Shop drawings for transformers

shall indicate, but shall not be limited to, the following:

Overall dimensions, front view, interfaces with existing equipment,

and sectional views.

Ratings and sizes of lugs, impedance, taps, and fans.

Manufacturer's published main secondary breaker and feeder devices at

each transformer to allow designer to provide settings, which will

ensure that proper protection and coordination will be achieved.

Complete list of parts and/or supplies with current unit prices and

source of supply.

6.2 Certified Laboratory Test Data. Certified copies of reports of all tests

shall be submitted as required.

6.2.1 Transformer Tests. Transformer test shall be performed in
accordance with the ANSI-C57 12.91 for dry-type transformers standard test code

and Section 3.13. Certified copies of test data for the tests shall be
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submitted and shall receive approval before delivery of equipment to the

proact site. Fiel.d test data sheets shall be submitted within 14 days after

tes. ompletion.

7. DEMOLITION AND CONSTRUCTION

7.1 Demolition and Construction General Requirements. The vendor shall

furnish technical personnel to be present at the site to perform, as a minimum,

the following tasks (see Appendix C). Permits for PCB fluid and transformer

casing transport shall be obtained by the successful bidder before removal.

Note that OSHA regulations require workers handling PCBs to be properly trained

and certified.

Request and have the operating Contractor (PWC personnel) de-energize

the existing transformers.

Test the existing transformers for no-load loss, record data, and

submit in writing to the Resident Engineer.

Drain the PCB fluid from each transformer into approved drums, seal,

and deliver it to the interim hazardous waste storage area at the

base.

Purge the transformer case with dry nitrogen gas and seal.

Remove anc liver the transformers to the interim hazardous waste

storage are. at the ba e as designated by the Resident Engineer.

Provide and install new transformers and test per Section 3.13.2.

Request PWC personnel to energize the system.

Verify proper operation and turn the operating transformer over to

EG&G Idaho for remanding to PWC San Diego.

The EG&G Idaho's Resident Engineer shall coordinate all outages and provide

interface between the successful bidders, installers, and the operating
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Contractor (PWC). PWC Code 640 is responsible for manifesting all PCB

(hazardous waste) activity, and PWC shall be contacted though the EG&G Idaho

Resident Engineer.

7.2 Draining. Service shall include removal, packaging, and transporting [to

a Defense Reutilization and Maintenance Organization (DRMO) hazardous waste

staging area] of the PCB or PCB contaminated fluid initially drained from the

transformers. DRMO waste shall be clearly labeled with the contents, level of

contamination, its source, and manifested by PWC Code 640.

The Subcontractor must review and comply with the minimum Outline Spill

Prevention, Control, and Countermeasures (SPCC) Plan procedure before draining

fluid from a PCB transformer (see Appendix D). Appendix D details the SPCC

requirements that the Subcontractor must observe.

7.3 Transportation and Disposal. All hazardous waste material shall, as a

minimum, be contained in Department of Transportation (DOT) approved containers

from point of removal until delivered to final disposal site. The following

are methods of handling wastes and are subject to the requirements of 40 CFR,

Part 263 and 49 CFR, Parts 172 and 173 and shall be superseded if the

regulations are amended.

1. Drums shall be DOT approved for hazardous waste: 17E for fluids,

17H for porous solids, and 17H for rags and solvent.

2. Bulk containers shall be six sided, welded steel construction,

lined with a minimum of 10 mil plastic sheet, and watertight.

The container shall be handled by a truck specially fitted to

transport the container from generation point to disposal point.
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APPENDIX A

TRANSFORMER DATA SHEETS
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TRANSFORMER DATA SHEET

Transformer Identification (PWC69-OLD) CC69-NEW *

Location BLDG 94 OUTDOORS

Size 750/1000 KVA

Primary Voltage 2.4/12 KV DUAL "

Primary Winding Type DELTA

Secondary Voltage 480 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 5%

Primary Switch NEW 3 POLE 15 KV 600 AF/300 AT FUSED
SWITCH

Primary Connection PROVIDE TRANSITION CUBICLE TO NEW
SWITCH

Secondary Connections PROVIDE NEW COPPER BUS CONNECTIONS
TO NEW SECONDARY SWITCHGEAR. PROVIDE
AND INSTALL NEW SECONDARY SWITCHGEAR
PER SKETCHES. (SEE APPENDIX E OF
THIS DOCUMENT.)

Secondary Breaker PROVIDE AND INSTALL NEW SWITCHGEAR
PER ATTACHED SKETCHES

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

• This is a replacement of transformer PWC #69, an existing 500 KVA 3
phase 480 V PCB transformer.

• * Supply fan to achieve higher rating.
--- • Dual voltage primary winding is an option. Regardless of whether

the option is exercised, the 2400 VAC primary must be supplied. If A
the option is exercised then taps shall be provided for the higher
rating (12 KV).
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TRANSFORMER DATA SHEET

Transformer Identification (PWZ270-O0) C7?-NEW

Location BLDG 94

Size 300 KVA

Primary Voltage 480 V

Primary Winding Type DELTA

Secondary Voltage 208/120 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 3.0

Primary Switch N/A

Primary Connection NEW FEED FROM NEW SWITCHGEAR
(SEE CC69)

Secondary Connections NEW CABLE AND CONDUIT CONNECTIONS TO
EXISTING SWITCHGEAR (2 places)

Secondary Breaker EXISTING BREAKER PER ATTACHED SKETCH

Maximum No-Load Loss DETERMINEQD PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RrP

* Consolidation replacement of existing PCB transformers (#70 and

#71). See sketches SD 1, 2, and 3 for additional information.
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TRANSFORMER DATA SHEET

Transformer Identification (PWC16-OLD) CC16-NEW

Location BLDG 342

Size 112.5 KVA **

Primary Voltage 2.4/12 KV DUAL *

Primary Winding Type DELTA

Secondary Voltage 480/277 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 3.0

Primary Switch NEW 3 POLE 15KV 5OAF FUSED

Primary Connection TRANSITION AND CABLE TO NEW SWITCH

Secondary Connections REUSE EXISTING --- SPLICE TERMINATION
FOR CONNECTIONS TO EXISTING
SWITCHGEAR

Secondary Bre._er REUSE EXISTING BREAKER .NO CHANGES

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

* Replacement of existing 112.5 KVA PCB transformer.

** Optionally propose and construct this unit with an amorphous stacked
core, as per specification.

* Dual voltage primary winding is an option. Regardless of whether
the option is exercised, the 2400 VAC primary must be supplied. If A
the option is exercised then taps shall be provided for the higher
rating (12 KV).

.7
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TRANSFORMER DATA SHEET

Transformer !dentification .PWC48-OLD) CC48-NEW

Location BLDG 473

Size 112.5 KVA

Primary Voltage 2.4. KV

Primary Winding Type DELTA

Secondary Voltage 208/120

Secondary Wir,'ing Type WYE-GROUNDED

Percent Impedanc, 3.0

Primary Switch REUSE EXISTING SWITCH

Primary Connection NEW TRANSITION TO EXISTING SWITCH

Secondary Connections PROVIDEAND INSTALL NEW SECONDARY
TRANSITION CUBICLE

Secondary Breaker REUSE EXISTING SWITCHGEAR

Maximum No-Load Loss DETERMINED PER LOSA EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

• Replacement of existing PCB transformer.
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TRANSFORMER DATA SHEET

Transformer Identification (PWC45-OLD) CC45-NEW

Location BLDG 472 OUTDOORS **

Size 1500 KVA

Primary Voltage 12 KV

Primary Winding Type DELTA

Secondary Voltage 480/277 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 5.75

Primary Switch REUSE OF EXISTING SWITCH

Primary connection NEW TRANSITION TO EXISTING SWITCH

Secondary Connections COPPER BUS CONNECTIONS TO NEW
SWITCHGEAR

Secondary Breaker REUSE EXISTING BREAKER AND SWITCH-
GEAR

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

• This will replace existing PCB 1500 KVA transformer.
• * Use corrosion resistant external packaging, NEMA 3R minimum. Also

provide optional ccst to include stainless steel rain cap.
S** Include cost proposal to replace these switches as an option.
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TRANSFORMER DATA SHEET

Transformer Identification (PWC26-OLD) CC26-NEW

Location BLDG 378-6 OUTDOOR

Size 500 KVA

Primary Voltage 12 KV

Primary Winding Type DELTA

Secondary Voltage 480/277 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 5.75

Primary Switch REUSE EXISTING AIR INTERRUPTER SWITCH
600 A

Primary Connection TRANSITION FROM EXISTING SWITCH

Secondary Connections PROVIDE AND INSTALL NEW CONNECTIONS
TO EXISTING SWITCHGEAR EXTEND IF
REQUIRED

Secondary Breaker REUSE EXISTING 800 A SECONDARY

BREAKER AND SWITCHGEAR

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Replacing existing 500 KVA PCB transformer.

No diagram provided.
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TRANSFORMER DATA SHEET

Transformer Identification (PWC27-OLD) CC27A-NEW

Location B3DG 378-1

Size 750/1000 KVA **

Primary Voltage 12 KV

Primary Winding Type DELTA

Secondary Voltage 480 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 5.75

Primary Switch PROVIDE AND INSTALL NEW 15 KV CLASS
PRIMARY SWITCH AND NEW :2 KV FEEDER

Primary Connection TRANSITION TO NEW SWITCH

Secondary Connections NEW COPPER BUS CONNECTIONS TO NEW
SWITCHGEAR

Secondary Breaker P & I NEW SWITCHGEAR. SEE SKETCH

BREAKER AND SWITCHGEAR

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RrP

* This unit is replacing an existing 1000 KVA PCB filled transformer.
** Supply fans to achieve higher rating.
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TRANSFORMER DATA SHEET

Transformer Identification (PWC27-OLD) CC27B-NEW

Location BLDG 378-1

Size 500 KVA *

Primary Voltage 480 V

Primary Winding Type DELTA

Secondary Voltage 208 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 5.75

Primary Switch PROVIDE AND INSTALL NEW SWITCHGEAR
SEE SKETCH

Primary Connection TRANSITION FROM NEW SWITCHGEAR

Secondary Connections NEW COPPER BUS CONNECTIONS TO EXISTING
SWITCHGEAR

Secondary Breaker REUSE EXISTING SWITCHGEAR

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

No primary voltage taps are required on this transformer due to the high
current level. Note requested optional price for addition of standard
primary voltage taps on this unit in the pricing schedule.
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TRANSFORMER DATA SHEET

Transformer Identification (PWC49-OL) CC49-NEW

Location BLDG 4F9-]

Size 1500 KVA

Primary Voltage 12 KV

Primary Winding Type DELTA

Secondary Voltage 480/277 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 5.75

Primary Switch REINSTALL EXISTING PRIMARY SWITCH

Primary Connection CONNECT EXISTING SWITCH

Secondary Connections NEW COPPER BUS CONNECTIONS TO
EXISTING SWITCHGEAR

Secondary Breaker EXISTING SWITCHGEAR

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

The existing PCB unit is already missing and will not have to be
handled as part of this changeout.

Note: This unit will be installed in an existing station. The installer
will have to remove an existing temporary transformer and place it
aside for removal by others prior to installing the new
transformer. The installer will also have to reinstall the existing
primary switch, which was disconnected while the temporary
transformer was installed. The existing temporary transformer is a
3750 KVA unit and will require an oversized crane to lift out and
set on the ground. This unit is nonPCB and will not require
additional handling.

No diagram provided.
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TRANSFORMER DATA SHEET

Transformer Identification (PWC1-220,1.2-OLD) CCI-220-NEW *

Location BLDG 379-3

Size 300 KVA

Primary Voltage 2.4/12 KY DUAL **

Primary Winding Type DELTA

Secondary Voltage 240 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 4.5

Primary Switch REUSE EXISTING PRIMARY SWITCH JA

Primary Connection PROVIDE NEW CABLE CONNECTIONS TO
EXISTING SWITCH

Secondary Connections PROVIDE NEW CONDUIT AND CONDUCTORS TO
EXISTING SWITCHGEAR

Secondary Breaker REUSE EXISTING SWITCHGEAR

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

* This new three phase transformer is replacing three existing 167 KVA
single phase PCB transformers.

• • Dual voltage primary winding is an option. Regardless of whether
the option is exercised, the 2400 VAC primary must be supplied. If
the option is exercised then taps shall be provided for the higher A
rating (12 KV).

S" There are three oil-fused contactors which are feeding the
transformer to be removed. It is believed that the three contactors
are PCB-contaminated, and they should not be disturbed.
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TRANSFORMER DATA SHEET

Transformer Identification (DWCI-158-OLD) CCI-158-NEW

Location BLDG 333-1 **

Size 112.5 KVA

Primary Voltage 480 V

Primary Winding Type DELTA

Secondary Voltage 208!120 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 4.5

Primary Switch PROVIDE AND INSTALL NEW 480 V BREAKER
IN NEW SWITCHGEAR, SEE SKETCHES

Primary Connection SEE SKETCHES

Secondary Connections TRANSITION TO EXISTING PANEL

Secondary Breaker REUSE EXISTING

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

* This unit replaces the existing 112.5 KVA PCB transformer.
** This transformer will be installed on a mezzanine located

approximately 30 feet AAF. Extra rigging and PCB handling efforts
will be required.
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TRPNSFORMER DATA SHEET

Transformer Identification (PWC--E7-COLý : -'E7-NEW

Location B'G 2-I "

Size !12. KVA

Primary Voltage 48C V

Primary Winding Type DELTA

Secondary Voltage 240 V

Secondary Winding Type WYE

Percent Impedance 4.5

Primary Switch PROVIDE AND INSTALL NEW 480 V BREAKER
IN NEW SWITCHGEAR, SEE SKEtCHES.

Primary Connection ZEE SKETCHES

Secondary Connections TRANSITION TO EXISTING PANEL

Secondary Breaker REUSE EXISTING BREAKER

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

"* This unit is replacing the c.,isting 112.5 KVA PCB transformer.
"** This transformer will be installed on a mezzanine located

approximately 30 feet AFF. Extra rigging and PCB handling efforts
will be required.
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APPENDIX B

VENDOR DATA REQUIREMENT LIST
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APPENDIX B

VENDOR DATA REQUIREMENTS LIST

I * No.of **
When Copies Reference Approval

Description Required Required Paragraph Req'd.by

1. Drawings, sketches, schematics BC 12 NA R AB/DE
and other data shall be
submitted with the bid
sufficient for evaluation of
contract proposal.

2. Quality Manual and Procedures BC 12 4.0 R AB/DE
3. Inspection and Test Procedures BFR 12 3.2, 3.10 I AB/DE
4. Inspection and Test Results PS 12 3.10 R AB/DE
5. Maintenance manual which PS 12 5.0 I AB/DE

includes as a minimum:
installation instructions,
operating instructions,
preventive and corrective
maintenance tasks, the
frequency of each task, the
tools, equipment, and
procedures with special
emphasis on safety precautions
for the accomplishments of
each task.

6. Priced spare parts list and PS 12 5.0 I AB/D
recommended spares.

7. Guaranteed performance data PS 12 5.0 1 AB/DE
and name plate data.

'. As-built shop drawings schema- PS 12 5.0 R AB/DE
tics and wiring diagram.

9. Installation schedule. PS 12 5.0 AB/DE
10. PCB fluid disposal plan and PS 12 5.0 AB/DE

certification.
11. Spill Prevention, Control, and BFR 12 NA R AB/DE

Countermeasures Plan
12. Certification for Hazardous PS 12 NA R AB/DE

Waste Handlers _

* BFR - Before Fabrication Release * BC - Before contract is awarded
* PS - Prior to Shipment * R - Required

** I - Information Only ** AB - Approval By Buyer
** DE - Approval By Design Engineer
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APPENDIX C

CONSTRUCTION DETAILS
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CONSTRUCTION DETAILS

ELECTRICAL GENERAL PROVISIONS

PART 1 - GENERAL

DESCRIPTION OF WORK:

Summary: The electrical work can be generally summarized in the following

manner, but this is not by way of limitation:

• Obtain pe-mits for moving hazardous waste.

0 Check and mark phase rotation before de-energizing system.

* Have PWC personnel de-energize the existing transformers.

* Test existing transformer for no-loac losses. Drain the PCB

fluid from each transformer into standard DOT approved drums and

deliver it to the interim hazardous waste storage area on the

base as designated by the Resident Engineer (all work shall

comply with OSHA and EPA regulations).

0 Purge the t--nsformer case w th dry nitrogen and seal.

0 Deliver the existing transformer to the interim hazardous waste

storage area on the base (comply with OSHA and EPA regulations).

0 Provide and install new transformers.

0 Connect new transformers and test.

0 Request PWC personnel to energize the system.

0 Verify proper operations and turn the operating transformer over

to EG&G Idaho, Inc. for remanding to PWC San Diego.
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PART 2 - MISCELLANEOUS AND ANCILLARY PRODUCTS

GENERAL:

Furnish all labor, materials, equipment, and appliances required to complete

the installation of the complete electrical systems. All labor, materials,

service, equipment, and workmanship shall conform to tha applicable chapters

of the NEC (NFPA 70) and other authorities having lawful jurisdiction

pertaining to the work required. All modifications required by these codes,

rules, regulations, and authorities shall be made by the Subcontractor

without additional charge to the Contractor.

Underwriter's Laboratories (UL): All materials, appliances, equipment, or

devices shall conform to the applicable standards of UL where such standards

exist. All material, appliances, equipment, or devices shall be listed

and/or labeled by UL where such standards exist.

Completed electrical system shall conform with applicable provisions of the

Special Conditions, the Technical Specification, and the attached subcontract

drawings.

CONDITION OF PRODUCTS:

Except as otherwise indicated, provide new electrical products, free of

defects and harmful deterioration at the time of installation. Provide each

product complete with trim, accessories, finish guards, safety devices, and

similar components specified or recognized as integral parts of the product,

or required by governing regulations.

UNIFORMITY:

Where multiple units of a product are required for the electrical work,

provide identical products by the same manufacturer without variations except

for sizes and similar variations as indicated.
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PART 3 - EXECUTION:

COORDINATION OF ELECTRICAL WORK:

General: It is recognized that the subcontract documents are diagrammatic in

showing certain physical relationships that must be established within the

electrical work and in its interface with other work, including utilities and

mechanical work, and that such establishment is the exclusive responsibility

of the Subcontractor.

Arrange electrical work in a neat, well-organized manner with conduit and

simila- services running parallel with the primary lines of the building

const .ction and with a minimum of 7 feet overhead clearance where possible.

Locate operating and control equipment properly to provide easy access and

arrange entire electrical work with adequate access for operation and

maintenance.

RESIDENT ENGINEER:

The EG&G Idaho Resident Engineer will ensure that the installation complies

with drawings, specifications, and witness testing.

TRANSFORMERS

PART 1 - GENERAL

W:7K DESCRIPTION:

Provide and install trar~formers of sizes, ratings, and types as shown on the

referenced data sheets and engineering specification.
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PART 2 - PRODUCTS

MATERIALS:

The transformers shall be as shown on the attached data sheets and shall be

installed at the location indicated on the drawings.

The transformer enclosure shall be suitable for the environment that the

transformer is installed in.

PART 3 - EXECUTION

INSTALLATION:

Install transformers as indicated on the drawings and in accordance with

manufacturer's written instructions, applicable requirements of NEC and the

NEC Association's "Standard of Installation," and complying with recognized

industry practices to ensure that products serve intended functions.

TESTING:

Visually inspect to determine that equipment installation conforms to NEC,

these specifications, and the drawings and testing as described under the

testing section of the specification.

GROUNDING

PART I - GENERAL

WORK DESCRIPTION:

Provide and install grounding on all transformer cases and tie into the

existing grounding system.
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PART 2 - PRODUCTS

MATERIALS:

Grounding electrode wire shall be a minimum of No. 2 AWG bare stranded copper

and comply with NEC Table 250-94.

Ground grid welds shall be made by the Thermit process.

PART 3 - EXECUTION

INSTALLATION:

Install a complete grounding system for the transformers in accordance with

applicable requirements of NEC and complying with recognized industry
practices to ensure that products serve intended functions and comply with

requirements. All exposed noncurrent-carrying metallic parts of electrical

equipment, conduits, grounding conductor of nonmetallic sheathed cables, and

neutral conductor of the wiring system shall be grounded.

Exothermic Welds: Exothermic welds shall be made in accordance with the

manufacturer's written recommendations. No mechanical connector is required

at exothermic weldments.

TESTING:

Visually inspect to determine that ground installation conforms to NEC, these

specifications, and the drawings.

CABLE, WIRE, CONNECTORS AND MISCELLANEOUS DEVICES

PART I - GENERAL

WORK DESCRIPTION:

Provide and install conduit systems, cables, wires, and wiring connectors of

sizes, ratings, materials, and types as shown on the drawings.
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PART 2 - PRODUCTS

WIRING MATERIALS 5 KV AND 15 KV CLASS:

All 5 KV and 15 KV cable shall be shielded and properly terminated. Cable

shall be EPR MV-90 shielded cable and shall have a 133% insulation level.

HIGH VOLTAGE SPLICES:

Splices in high voltage cables. Splices shall be suitable for continuous

immersion in water and shall be made only in accessible locations in

manholes.

Certification. High voltage cable splicer/terminator certification of

competency and experience shall be submitted 30 days before splices or

terminations are made in high voltage cables. Splicer/terminator experience
during the past 3 years shall include performance in splicing and terminating

all cables of the type and classification being provided under this contract.

Kit Methods. High voltage splices shall be made using a "kit," which shall

be the product of one manufacturer and shall have the approval in writing of

the manufacturer of the cable that is to be spliced. The Contractor shall

provide for continuous submersion in water.

Heat-Shrink Method. All splices for 600 volt and less cables shall be done

by the heat-shrink method. Provide heavy-wall heat-shrinkable splice tubing

rated for sealed underground connector systems. Tubing shall be available

uncoated, or with a thermoplastic adhesive-sealant that adheres to PVC,

neoprene, polyolefin, and EPR aluminum or steel.

Splices in High Voltage Cables. Splices shall be suitable for continuous

immersion in water and shall be made only in accessible locations in

manholes.
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Certification. High voltage cable splicer/terminator certification of

competency and experience shall be submitted 30 days before splices or

terminations are made in high voltage cables. Splicer/terminator experience

during the past 3 years shall include performance in splicing and terminating

cables of the type and classification being provided under this contract.

Kit Methods. High voltage splices shall be made using a "kit," which shall

be the product of one manufacturer and shall have the approval in writing of

the manufacturer of the cable that is to spliced. The contractor shall

provide the Contracting Officer or Contractor's Quality Control

representative with a copy of the manufacturer's instructions before splicing

is started. Splices shall be made only in manholes.

Splices in Shielded Cables. Splices in shielded cables shall include

covering the spliced area with metallic tape, or like material, to the

original cable shield and connecting it to the cable on each side of the

slice. Provide a No. 6 AWG bare copper ground connection brought out in a

water tight manner and ground to a 3/4 inch x 10 feet ground rod as part of

the splice installation. Wire shall be trained to the sides of the enclosure

in a manner to avoid interference with the working area.

Phasing and Rotation. Contractor to record the phasing and rotation of the

existing electrical system before cable splicing, cable removal, termination,

and/or any work that could alter the phasing and rotation of the system.

After completion of the work and before connecting any load to the system,

the contractor shall verify that the phasing and rotation is as it existed

and has not been altered.

WIRING MATERIALS, 600 V CLASS:

Conductors shall be stranded for all sizes of wire and cable.

Conductors shall be copper for all sizes.

Wire insulation shall be type THHN/THWN for all 600 volt conductors unless

otherwise noted.

C-8
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Minimum size of power conductors shall be No. 12.

Splices for 600 Volt Cables. Splices in underground systems shall be made

only in accessible locations, such as manholes and handholes, using a

compression connector of the conductor and by insulating and water proofing

by a method suitable for continuous submersion in water.

Heat-Shrink Method. All splices for 600 volt and less cable shall be done by

the heat-shrink method. Provide heavy-wall heat-shrinkable splice tubing

rated for sealed underground connector systems. Tubing shall be available

uncoated, or with a thermoplastic adhesive-sealant that adheres to PVC,

neoprene, polyolefin, and EPR aluminum or steel.

CONNECTORS:

Compression and/or lug type connectors, such as "Burndy", shall be used for

splicing No. 6, and larger 600 volt cable.

High Voltage Cable Terminations. IEEE 48, Class 2. Except as otherwise

indicated, terminators for extruded insulation nonmetallic jacketed cables

shall be porcelain insulator type. Apply terminator to single conductor

cables or to each conductor of multiple conductor cable that are to the

weather. Terminator shall not exude any filler compound under either test or

service. The terminator shall consist of a porcelain insulator, cable

connector-hoodnut assemble, and aerial lug, as required, metal body and

supporting bracket, sealed cable entrance, and internal stress relief device

for shielded cable, and insulating filler compound or material.

Terminator, Modular, Molded Rubber Type. IEEE 48, Class 2. Provide

terminator as specified herein for terminating single conductor, or the

single conductor of multiconductors, solid insulated, nonmetallic jacketed

type cables for service voltage up to 35 KV outdoor. The terminator shall

consist of a stress control, ground clamp, nontracking rubber skirts,
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crimp-on connector, rubber cap, and aerial lug. Provide heat-shrinkable

elbow sealing adaptor as shown on plans, allowing the metallic cable

shielding to be externally grounded and sealed. Separate parts of copper or

copper alloy shall not be used in contact with aluminum or aluminum alloy

parts in the 'onstruction and installation of the terminator.

Wire/Device Identification: All cable systems, major conduits, and devices

shall be permanently marked. Conduits shall have stainless steel tags at

every 60 feet or where wall or building penetrations occur. All conductors

shall be identified with self-adhering oil and moisture resistant vinyl

labels, covered with clear heat shrink tubing or white heat shrink tubing

with black typed on letters with nonsmearing ink as manufactured by Brady,

T&B, or approved equal. Hand lettered labels shall not be used. All

conductors shall be clearly marked with the proper phase identification.

CONDUIT SYSTEM:

All conduits shall be RGS or IMC with exception of underground, which can be

PVC, and which shall be 3 feet minimum below grade and encased in 2 inches

minimum red concrete. All bends must be RGS or IMC. Conduit systems shall

be completed per the NEC.

PART 3 - EXECUTION

INSTALLATION:

General: Install electrical cable, wire, and connectors as indicated on the

drawings, in accordance with the manufacturer's written instructions,

applicable requirements of NEC and NECA's "Standard of Installation", and in

accordance with recognized industry practices to ensure products serve

intended functions.

Pull conductors together where more than one is being installed in a raceway.

Do not exceed the conductor manufacturer's recommended pulling tension or as

specified in the IPCS Handbook. Use pulling compound or lubricant, where
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necessary; compound must not deteriorate conductor or installation. Tension

shall be monitored when pulls involve more than 40 feet or when 3 or more 90

degree turns are in the system.

Use pulling means including fish tape, cable, or rope which cannot damage

raceway.

Install splices and taps in an accessible junction box that has mechanical

strength and insulation rating equivalent-or-better than conductor.

Use splice and tape connectors that are compatible with conductor material.

TESTING:

High Potential: After installation and installing stress cones, all 15 KV

cable shall be tested at twice the normal operating voltage plus 1000 volts.

The test duration shall be 15 minutes on each cable. See IEEE standard

400-1980 (IEEE guide for making high-direct-voltage tests on power cable

systems in the field).

Meggering: Before terminating, test all cable or wire for insulation

resistance with 500 volt megger. Any wire -Jth less than 10 megohms to

ground or other conductors shall be replaced before proceeding with the

terminating. List conductors tested on required test data submittal sheet.

ELECTRICAL CONTINUITY AND PHASE ROTATION:

After conductor connectors are installed and conductors are labeled, but

before termination to terminals or devices, an electrical continuity test

shall be performed on each conductor using a battery powered buzzer or

ohmmeter to determine that all power, control, grounding, and other

conductors are properly installed and identified. List all conductors tested

on required test data submittal sheets.

After initial energizing of the transformer, check for proper phase rotation.
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APPENDIX D

OUTLINE SPILL PREVENTION, CONTROL, AND COUNTERMEASURES PLAN
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OUTLINE SPILL PREVENTION, CONTROL, AND COUNTERMEASURES PLAN

MINIMUM SPILL PREVENTION REQUIREMENTS

The following shall be performed before the start of and during any

fluid removal from a liquid cooled transformer (i.e., PCB filled, oil

filled, or silicone filled).

a. A layer of 6 mil polyethylene sheeting shall be placed around the

transformer.

b. If drains are present, measures will be taken to eliminate the

potential for any fluids from entering the drains. This

includes, but is not limited to, constructing a dike, trenching

around the drain, and/or plugging the drain.

c. Before pumping the fluids, all hoses shall be inspected for any

holes, cracks, or deterioration. Fittings shall be inspected to

ensure a proper connection. Any gaskets utilized in the pumping

operations shall be inspected for integrity. Approved hoses,

pumps, and gaskets shall be used.

d. Drip pans shall be placed under pumps and connections.

e. Pumps and hoses shall be positioned so as to minimize any

tripping hazard.

f. Personnel will monitor the pumping operation at all times.

g. An adequate supply of absorbent materials and cleanup equipment

shall be readily available in the event of a mishap.
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This includes the following, but not limited to:

1. Shovels

2. Brooms

3. DOT drums: 17E, 17H, and 85 gallon recovery drum

4. Ample supply of rags

5. Vermiculite (Speedi-Dry)

6. Absorbent booms and/or absorbent pads

7. Assorted corks, plugs, and emergency seals

8. Material Safety Data Sheets (MSDS).

h. All safety equipment shall be inspected before use.

CONTROL

In the event of a spill or leak, the following procedure shall be

implemented:

a. Stop the source of the spill. Below is a list of probable source

of spills when working with liquid cooled transformers, and the

remedial action to be taken to eliminate the problem.

Source 1. Transformer

1. Location of leaks: valves. Remedial action: plug valve

to reduce or stop spill. Pump fluid below valve and replace

faulty valve.

2. Location of leak: bushing. Remedial action: Pump fluid

below bushing level. Replace gaskets, or if necessary,

replace bushing.

A-145



ES- 51334

3. Location of leak: tank wall or radiator pipe. Remedial

action: pump fluid below level of leak and either epoxy or

weld close the leak source. If the source of the leak is

small, a vacuum can be pulled on the transformer before

applying the epoxy sealant or welding. Pulling a vacuum on

the transformer eliminates the need for any pumping

operations.

4. Location of leak: tap changer, liquid level oauge, or

temperature gauge. Remedial action: remove fluid below

level and replace packing material, gaskets, or thread

sealant where applicable.

Sou-ce 2. Pumps or Hoses

Remedial action: Stop all pumping operations and place apparatus into an

adequate container to capture any fluids.

Source 3. Drums

Remedial action: In the event that the drum is seeping at the seams, the

fluid shall immediately be transferred to another drum. Should a drum

rupture or become punctured, an oversized recovery drum will be used. The

recovery drum is placed over the top of the leaking drum. Then, the

recovery drum is placed upright, containing the leaking drum.

b. Stop the migration of any spilled fluid. This can be done by

placing the berm around perimeter of the spill. A berm can be

constructed using any type of absorbent material, i.e.,

vermiculite (Speedi-Dry), sand, rags, absorbent boom or pads.

c. Solidifv any free standing fluid.
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d. Safety apparel shall be worn when dealing with spills involving

PCB fluids.

COUNTERMEASURES

The countermeasure operations are the cleanup and disposal of all

contaminated material that is a result of the spill. The primary goal of

all cleanup activity is to maintain a safe environment.

a. Cleanup

1. Fluids: If the volume of fluids is great enough to where

solidification is impractical, the liquid shall be pumped

into DOT 17E drums. These drums must be properly labeled
and dated.

2. Solids: Any porous solids (soils, asphalt, wood, paper,

etc.) contaminated by the spill shall be placed into DOT 17H
(removal head) drums. These drums must be properly labeled

and dated.

3. Major Spills: In the event that the spill exceeds the

control and cleanup capabilities that are onsite, an outside

contractor, who specializes in environmental cleanup and has

all permits and licenses required, must be contacted. This
contractor must be equipped to handle various types of

spills.

Analysis. During the cleanup operations, sampling, and analysis

must be performed. The analytical data are needed to present an

ac:urate picture of the following:

1. The extent of the spill

2. The effectiveness of the cleanup operations
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3. The point in time when the environment has been

decontaminated.

b. Disposal. The disposal of all contaminated materials must be in

accordance with the applicable EPA regulations (40 CFR 761).

All work will be inspected by the EG&G Idaho, Inc.

representative.

Transportation of hazardous waste to the disposal site shall

conform to 40 CFR, Part 263. All Federal, state, and local

permits and labeling and approvals shall be completed before the

shipment of waste from the transformer site.
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APPENDIX E

SWITCHGEAR SPECIFICATION
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SWITCHGEAR SPECIFICATION

1.0 GENERAL

Provide and install switchgear with the transformer as referenced in the

data sheets. The switchgear shall consist of one or more enclosed
vertical sections joined together to form a rigid, free standing

assembly. The construction of the switchgear shall meet the requirements

of the NEC.

2.0 PRODUCTS

600 Volt: Switchgear shall be suitable for operation for 480 volt, 3
phase, 3 wire, 60 Hertz grounded service.

Vertical Sections: Vertical sections shall support the horizontal and
vertical buses, covers, and doors, and shAll be designed to allow for easy
rearrangement of units. Vertical sections shall have structural

supporting members formed of a minimum of 13 gauge hot-rolled steel. All
finished surfaces shall be blemish-free. Each section shall be 90 inches

high and shall have 7 gauge steel, 3 inches high, removable lifting angle

and two 1-1/2 inches high base channels. Complete control center lineups
shall be divided into shipping splits no wider than approximately 60
inches. A lifting angle shall be provided on the top of each shipping

split and shall extend the entire width of the shipping split. Lifting

angles shall be designed to support the entire weight of the switchgear
and shall have access points or lifting eyes to facilitate handling. Base
channels shall be provided with holes to permit bolting the switchgear to
the floor. The entire assembly shall be constructed and packaged to

withstand all stresses induced in transit and during installation.
Switchgear shall be designed so that matching vertical sections of the

same current rating and manufacture can be added later at either end of

the lineup without use of transition sections and without difficulty.
Removable end closing plates shall be provided to close off openings on
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the end of the lineup. A removable top plate shall be provided on each
vertical section and shall be of one piece construction for added

conv'nience in cutting conduit holes. The design shall allow use of the

standard conduit entrance area without significant sag or deformation of

the top plate.

Vertical sections shall be designed to accommodate plug-on units in

front-of-board construction. Vertical sections housing plug-on units

shall be 15 inches deep.

Vertical sections shall be provided with both horizontal and vertical

wireways. Sufficient clearances shall be provided in the horizontal

wireway so that no restriction is encountered in running wires from the

vertical to horizontal wireway. Wireways shall be in accordance with the

wireways section contained in this document.

Horizontal Wireways: Horizontal wireways shall be provided in the top and

bottom of each vertical section and shall be arranged to provide full

length continuity throughout the entire assembly. The top horizontal

wireway shall have a cross sectional area of not less than 20 square

inches with openings between sections of not less than 11-1/2 square

inches. The bottom horizontal wireway shall extend through the length and

depth of the 11-1/2 square inches to allow for full length continuity

throughout the entire assembly. The bottom horizontal wireway height

shall be not less than 9-1/4 inches. Covers for all wireways shall be

equipped with captive type screws to prevent loss of hardware during

installation. All wireways shall be isolated from the bus bars.

Vertical Wireways: A vertical wire trough shall be located on the

right-hand side of each vertical section and shall extend from the top

horizontal wireway to the bottom of the available unit mounting space.

Each vertical wire trough shall have a cross-sectional area of not less

than 19 square inches and shall be isolated from the bus bars to guarc

against acc-dental conta'.t. A separately hinged door having captive type

screws shall cover the vertical wire trough to provide easy access to

control wiring without disturbing the unit.
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Reusable wire ties shall be furnished in each vertical wire trough for the

purpose of grouping and securely holding wires in place for a neat and

orderly installation.

Bus Bars: A continuous main 3-conductor horizontal bus shall be provided

over the full length of the switchgear. When necessary, the bus shall be

split to allow for ease in moving and handling. Splice bars will be

supplied to join the bus whenever a split has been made. All splice

connections shall be made with at least 2 bolts. Horizontal busbars shall

be mounted edgewise and supported by insulated bus supports. Insulation

shall be used as required by NEMA standards and shall be dated at no less

than 600 VAC.

For distribution of power from the main horizontal bus to each unit

compartment, a 3-phase vertical bus shall be provided. The vertical bus

shall be firmly bolted to the horizontal bus for permanent contact.

The main horizontal and vertical buses shall be made of copper and the

entire length shall be electrolytically tin plated to provide maximum

protection to the bus bars from normal or adverse atmospheric conditions.

The main horizontal bus rating shall be a minimum 800 amperes continuous.

Vertical bus rating shall be a minimum of 300 amperes for adequate current

carrying capacity. Continuous current ratings shall be in accordance with

temperature rise specifications set forth by UL, ANSI, and NEMA standards.

A copper ground lug shall be provided in each incoming line vertical

section capable of accepting No.8 to 350 MCM cable. A horizontal (and

vertical) tin plated copper ground bus shall be provided in each section

of the switchgear. Horizontal ground bus shall run continuously

throughout the switchgear except where splits are necessary for ease of

shipment and handling in which case splice bars shall be provided. Ground

bus shall be tin plated copper. Horizontal ground bus shall be located at
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the bottom of the switchgear. Vertical ground bus shall run parallel to
the power distribution bus in each vertical section. Design shall be such

that for any plug-on unit the ground bus stab shall make contact with the

ground bus before the power bus contact is made.

Bus Bar-ie-s: Insulated horizontal and vertical bus barriers shall be

furnished to reduce the hazard of accidental contact with the bus.

Barriers shall have a red color to indicate proximity of energized buses.
Vertical bus barriers shall have interlocking front and back pieces to

give added protection on all sides and shall segregate the phases to

reduce the possibility of accidental "flash over." Small, separate

openings in the vertical bus barriers shall permit unit plug-on contacts

to pass through and engage the vertical bus bars. Bottom bus covers shall
be provided below the vertical bus to protect the ends of the bus from

accidental contact with fish tapes or other items entering from the bottom

of the enclosure.

Controls and Meters: All new service panels shall be equipped with the

following:

Kilowatt Meters. Type II, Class 3, Style B and shall have provisions for

pulse inititation. Kilowatt meters shall be flush switchboard type as
indicated on the drawings and shall be totally compatible to each

particular application. Kilowatt meters shall be of one manufacturer,

secondary type.

"* The meters shall have an electronic demand register. The

register shall be used to indicate maximum kilowatt demand as

well as cumulative basis. It shall have provisions to be
progranmned to calculate demand on a rolling interval basis.

The register shall be of modular design. The electronic module,

containing all the program variables, shall be able to be easily
removed from the mechanical register for programming, maintenance

and trouble shooting.
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All electronic modules shall be physically identical and

interchangeable.

"* A frictionless optical assembly, mounted directly to the meter

frame, generating 12 pulses per meter disc revolution for input

to the electronic register shall be provided.

"* Each kilowatt meter shall also be complete with a 5-dial

mechanical kilowatt hour register.

"* Meters shall be 3 stator, 120 volt for use on a wire Y, 3-phase

system.

"* Meter multiplier shall be shown on the face plate and shall be

the product of the indicated current transformer and potential

transformer ratio.

"* Draw out arrangement for meter removal incorporating

automatically short cirv-uit current transformer circuits.

"* Meter covers shall be polycarbonate resin.

"* Meter detent to prevent negative registration by restricting the

backward rotation of the disk.

"* The normal billing data scroll shall be fully programmable. The

following items shall be displayed in the data scroll:

- Kilowatt hours

- Maximum demand

- Cumulative or continuously cumulative

- Number of demand resets

- Time remaining i interval

- End-of-interval indication

- New maximum demand indication
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The register shall incorporate a built-in test mooe that allows

it to be tested without the need for any special tools or other

accessories and saves Mata and constants before start of the

test. The following q..antities shall be available for display in

the test mode:

- Time remaining in demand interval

- Present interval's accumulating demand

- Maximum demand

- Number of impulses being received by the register

"* Pulse initiator with programmable ratio selection.

"* Battery with battery port for quick changes.

"* Meters shall be programmed after installation.

"* Meters shall be tested, calibrated, and certified after

installation.

" Self-monitoring to provide for s~ored data check sum error, ROM

and RAM checksum error, battery fault,. and unprogrammed register.

"* Liquid cr.,tal display. 9 digits, blinking squares confirm

register operation. Large uigit: for data and smaller digits for

display identifier.

"* Display operations, programmable sequence with display

identifiers. Display identifiers shall be selectable for each

item. Continually sequence with time selectable for each item.

Circuit Breakers: Molded case circuit breakers shall be furnished in

branch feeder units using circuit breakers as a di.connect means. All

circuit breakers will have a push-to-trip test feature for testing and

exercising the trip mechanism. Breakers shall be UL listed for a minimum

of 22,000 amperes RMS symmetrical fault withstandability.
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Main breakers (480 volt panels only) shall be equipped with auxiliary

contacts and shunt trip coils. Optional electrical operation mechanisms

shall be proposed for possible use if funding levels are adequate.

Identification: A control center identification nameplate with factory

identification numbers and characteristics shall be fastened on the

vertical wire trough door of every section. Each unit shall have its own

identification nameplate fastened to the unit saddle. These nameplates

shall have suitable references to factory records for efficient

communication with supplier. Each unit shall also have an engraved

nameplate fastened to the outside of the unit door for ease in

identification and for making changes when regrouping units. Main

breakers (480 panels only) shall be equipped with auxiliary monitoring

contacts and shall be equipped with short trip controls. Optional

electrical operations shall be proposed for possible use if funds are

adequate.

Wiring: The switchgear wiring shall be NEMA Class II, Type B.

As defined by NEMA Standard ISC-2-322, Class II switchgear shall include

the necessary electrical interlocking and interwiring between units.

Type B wirirg shall include terminal blocks mounted on lift out brackets

in the units.

Terminal blocks shall be quick separating pull-apart solderless box lug

type or equal.

Finish: All metal structural and unit parts shall be completely painted

using an electrodeposition process so that the interior and exterior

surfaces as well as bolted joints have a complete finish coat on and

between them.
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3.0 TESTS

3.1 Foll sing tests shall be performed and results recorded. All the

equipment tests shall be performed in accordance with IEEE, NZMA, and ANSI

Standards where such standards are definitive. All test data including but

not limited to test circuitry, faulty equipment, and remedial action will

be recorded, certified, correlated, bound, and furnished to the Owner.

a. Wiring continuity - point to point check and verification with the

wiring diagrams.

b. Wiring insulation - check to ground - megger at 600 volts.

c. Power of proper amplitude and frequency shall be applied to all AC and

DC circuitry. Three-phase potential and current of proper frequency

shall be applied to all applicaDle AC connections.

d. Polarity tests of all AC and DC circuitry. Three-phase power and

phase angle meter shall be used to make AC polarity test on power

feeds and metering circuits.

e. Functional tests shall be performed on all equipment to indicate

proper operation of all protection, metering, and control equipment.

Power circuit breaker simulators shall be employed for the primary bus

to verify proper operation of all equipment.

f. The Owner may at his option provide specific relay and metering test

forms to be complied with, otherwise the Seller shall submit 2 copies

of Seller's standard test forms for review by the Engineer.

g. All "as left" test values shall be recorded and shall be within

manufacturer's tolerances. Manufacturer's tolerances shall be

indicated on the test forms.
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h. The intent of the acceptance test is to determine that the meters and

relays have not sustained damaged during shipment from the

manufacturer and that the meters and relay calibrations have not been

disturbed. If the examination or test indicates that re-adjustment is

necessary, the relay shall be repaired and/or calibrated as per

manufacturer's instructions.

3.2 The Owner and/or Engineer may elect to visit the Seller's facilities

on completion of fabrication of the equipment to inspect the equipment and

witness testing as outlined in Section 3.1.
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TRIP REPORT
FINAL ACCEPTANCE TESTING OF

ABB 112.5 KVA AMORPHOUS CORE TRANSFORMER
FOR SAN DIEGO NORTH ISLAND NAVAL BASE

Trip Date: Jan. 15-17, 1991
Location: Jefferson City, Missouri
Attendees: J.S. Bertrand & S.A. McBride
Objective: Attend witness testing of amorphous core

transformer for the San Diego North Island Naval
Base.

FACILITY:

ABB's Jefferson City Missouri distribution transformer
manufacturing facility is comprised of engineering,
administration, shipping & receiving, and manufacturing in a
single 600,000 square foot facility. The plant has a high degree
of modern automation, utilizing obotic welders, conveyers,
painting apparatus, presses, et, for a majority of the
manufacturing. ABB uses an exte;.sive Computer Aided Design And
Manufacturing (CADAM) system to simplify the process of producing
200 to 300 transformers per day.

Factory Testinq:

The f "owing transformer contracted with ABB is being
manut. -.ured by ABB in Jefferson City Missouri:

SOrder Number Location Size(kVA) PWC#
1 V25E123YVY 473 112.5 CC48

The following sections will detail all testing performed on this
unit. Engineering drawings and certified test data are attached
to this report as available.

Tests:

1. Turns ratio, polarity, and phase rotation test
2. Demagnetization (exciting current)
3. Half wave & full wave impulse test
4. Applied voltage test of high voltage coils test
5. Applied voltage test of low voltage coils test
6. Induced voltage test (400Hz)
7. No-load loss test
8. Resistance, impedance, and load loss test
9. Temperature rise test
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Shop Order #804001 Style #V2uS123YVY

This transform( was specified and constzx.ted as a 112.5 kVA OA
outdoor padmour..ed unit. The transformer nas a 2400 volt delta
primary winding and a 480/277 volt grounded wye secondary
winding. The cooling fluid is 193 gallons of RTEmp (high
molecular weight hydrocarbon). The following tests were
performed on January 16-17, 1991 on the 1 near test line as
illustrated in the Electrical Testing Proram--Jefferson City
Booklet (PDL 46-300-TT-K Page 4--

TEST STATUS

Turns ratio test Failed. The first ratio test indicated that
8:00am the secondary windings were improperly

connected. This should have been identifieC
during a preliminary ratio test which
normally is performed prior to installation
of the cooling oil. The transformer was
removed from the test line and placed in the

l:'00am r pair area. The cooling fluid was then
c.ained out of the tank to a leve', just below
the top of the core/coil assembly. This
would allow reconnectior -.f the secondary
windings. Extreme caution had to be used to
avoid introducing any foreign objects into
the tank during repair (such as bolts, nuts,
washers, etc.). The root cause of the
connection problems was determined to be that
the wrong connection diagram was given to the
interr3l construction team. The designer
subsequantly located the proper connection
diagram and the connections were altered to
the new configuration. The cooling fluid was

2:30pm then very slowly reintroduced into the tank.
Caution was used to minimize the introduction
of air bubbles into the fluid. The
transformer was then taken to the vacuum
chamber where it was subjected to two
complete vacuum cycles to draw any air from
the transformer. The transformer was then
brought back to the t -t line.

4:30pm A second ratio test was performed a-d passed.
The polarity and phase rotation tesLs also
passed.

Demagnetization Passed. This test is performed to remove any
5:00pm residual magnetism in preparation for the

impulse tests. It also serves as a means to
measure the exciting current.
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Impulse test Each of the three high voltage windings was
5:15pm subjected to a half wave impulse test and a

full wave impulse test. The test engineer
tested the windings to 60 kV BIL. I reviewed
the specification and informed him that the
requirement was for 75 kV BIL. I stated that
the 60 kV BIL test was not adequate and that
they will be required to perform another test
to the required 75 kV BIL. Based on the
configuration of their test line it was not
possible to go backwards and repeat the test.
The unit would have to be reintroduced to the
lineup following completion of the other
tests. They assured that they would perform
the impulse test to 75 kV BIL. I was
contacted on January 22, 1991 and informed
that the 75 kV BIL test had passed without
incident. This plant does not have the
capability to perform impulse testing of the
low voltage windings. Therefore the 30 kV
BIL tests of the 480 volt secondary windings
were not performed.

Applied voltage Both the high and low voltage tests passed.

Induced voltage The 400 Hz induced voltage test passed.

No-load loss The no-load loss was measured to be 86 watts.
6:00pm This value was 8 watts above the quoted value

of 78 watts.

Load loss The load loss was measured to be 1529 watts.
6.15pm This value was 29 watts below the quoted

value of 1558 watts.

Resistance Passed.

Impedance The transformer impedance was measured to be
3.32%. This value is at the maximum limit of
the specified impedance and is acceptable.

Temp: ature rise 54.5 degrees celsius
Jan. 17,1991 (24 hours)

The tests on this unit were all performed with exclusion of the
impulse testing on the secondary windings. During the tests
several problems were identified. These items which require
furthL attention are listed below:
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ACTION ITEMS:

I. The transformer nameplate identified the unit as a 65
degree celsius rise. It should be 55 degree celsius
rise.

2. The transformer nameplate identifies the transformer HV
BIL as 60 kV. It should be 75 kv.

3. The transformer nameplate identifies the impedance as
2.76%. It was measured to be 3.32%.

4. Drawing J801R4Q shows item #12 (Pressure relief device,
350CFM at 15 psig) located on the front of the
transformer inside the secondary compartment. This
high volume pressure relief device which is required
with the use of RTEmp fluid must be installed on the
top of the unit (due to space limitations). I asked
specifically what their intentions were and they
informed that the required high volume PRD would be
installed on one of the hand hole cover plates on top
of the unit.

5. Jim Hankins will contact us with the proposed shipping
information as soon as it is available.

6. ABB (Jim Hankins) will issue us a Certified Test Report
as soon as it is available.

CONSLUSION:

The transformer passed an acceptable series of tests. The
particular test series used by ABB is almost completely computer
controlled. This makes it very difficult for the observer to
know what is going on. Specific pass/fail criteria have been
loaded into the computer system based on the experience of many
thousands of successful units. Data from each of the tests are
digitized and sent to the computer for analysis, the computer
then either accepts the test results or rejects them. This
application is designed for a volume production environment in
lieu of a special/custom transformer environment. All things
considered this is a very impressive manufacturing plant.
Technology, personnel, design, and materials are for the most
part outstanding.
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ASS Powtr TAO Company Inc. PDL 46-300-TT-KI r 9je n' c c , SnC f•, jiS , j3n TanStOrmersp ~ p ~ je'Te'sor, C.!ý VC65,

ASEA BAOVýN 6D.EA,

a 1990 Electrical Testing
Program -
Jefferson City

General Testing Program A. TEST PARAMETERS
Factory tests are performed on a transformer to A unique set of parameters is used to test each

confirm that it is properly designed and constructed individual transformer. This set is generated from

to carry rated load and that it will withstand the a combination of three sources:

conditions it will be exposed to in service. Factory 1. Customer Specification
tests are evidence of the reliability of a transformer. This includes all of the transformer ratings
although the ultimate proof is trouble-free service such as HV. LV. kVA. winding temperature
over its expected 1'-. rise. and frequency. The customer may

The Jefferson City 2sting program is based on specify special design tests such as sound,
applicable ANSI. IEEE. and IEC standards and can temperature rise, or RIV. He may require that
be oivided into 5 broad categories: the transformer be tested according to IEC

standards or ANSI. If no-load loss. total loss,
1. Test Data Impedance. or exciting current is quoted to

A Test Parameters the customer, then 'not to exceed values
B. Test Results based on the quote are sent to the test floor as

2. Preliminary Tests limits.
A Core Loss Test 2. Transformer Standards (IEC. ANSI, IEEE.
B. Turns Ratio Test
C. First Preliminary Ratio Test etc.)

D. Second Preliminary Ratio Test The standards specify the routine tests that
must be performed on every

3 Routine Tests transformer. Test voltage levels, test durations
A Ratio and pass/fail criteria are included. Examples
B Demagnetization are:
C. Full Wave Impulse 400 HZ Induced Voltage level
D Applied Voltage Test of the HV Circuit Full-wave Impulse Voltage
E Applied Voltage Test of the LV Circuit Aplie Volte ofthe
F 400 HZ Induced Test Apphed Voltage of the HV Circuit

G No-Load Loss and Exciting Current Applied Voltage of the LV Circuit

H Load Loss. Resistance and Impedance 3 Design Performance Criteria
I Pina; Continuity Check If values such as no-load loss. total loss.
J Circuit Breaker Test impeclance. and exciting current were not

- Special Tests cluotec to the customer. then values based on

A Sound the design and. or ;ast performance of the

B Temperature transformer style are sent to the test floor as
pass fail criteria Examples are

5 Calibration 400 HZ Induced Voltaoe Test Current Limit
1. Test Data Minimum and Maximum 0, Impedance Limits
Test data consists of a set of test parameters and a No-load Losses and Exciting Current Limits
set of test re.,Atts for each individual transformer HV and LV Coil Resistances
Test data is '-C in the office mainframe computer Total Losses
Test oaram. , are sent to the test floor and stored Load Losses
within the te -omputer system for lat-r retrieval The Design Ergineering Department may

O when the transformer arrives for testing As specify special design or -type' tests to verify
transformers are tested. the results are held within new desions su n as choppeo-wave impulse
the test floor computer system. then transferred tO test. short circt test, temperature test. sound
the mainframe. or RIV.
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B TEST RESJLTS SECOND PRELIMINARY RATIO TEST
A set o4 test resu.ts is recorcec 'or each A seconc preliminary ratio test is performed in
transformer Some o' the vaiues are sent directly the internal assembly area prior to vacuum oi
to the customer when reduestec examples are fill: Tnis ratio test is performed in the same
no-load loss total loss. Do impedance 1'c exciting manner as the first test. except that it is made
current. anc the formal notificatior that the with all bushings installed to verify that internal
transformer diC receive and pass all required connections to the bushings are made with tne
tests (Certified Test Report). correct polarity

The test results are recorded in the design
database to establish actual pertormance I Routine Tests
characteristics of new designs and to Routine tests are performed on all transformers to
dynamically update performance characteristics verity that proper manufacturing practices were
of existing designs as materials vary and followed in the construction of each transformer and
manufacturing processes are improved. to establish performance characteristics. The

The test results are analyzed by the Ouality following are routine tests:
Assurance Department to monitor, report trends. Ratio
and take action as required to assure that quality Demag
manufacturing practices are followed. Full Wave Impulse

Applied Voltage Test of the HV Circuit

2. Preliminary Tests Applied Voltage Test of the LV Circuit
Induced Test

The preliminary tests a-e performed primarily to No-load Loss and Exciting Current
establisn the acceptance ol corecoil assembly. Four Load Loss and Impedance
preliminary tests are performed: Final Continuity Check

A CORE LOSS TEST Circuit BreaKer Test
This test is performed or, each core loop to A RATIO TEST
measure the core loss at the (design) induction Tne ratio test is given to verify that the
level The cores are graded accoroing to their transformersrato, polartyand phase rotaton
measured losses, later combined as reouired to are for ret.

are correct.
meet the no-loac losses guaranteed for each
compiete core~coil assembly Twenty volts is applied to the secondary

terminals The vo!tage appliel and the induced
B TUONS RATIC TEST primary voltage are measured and comparec 'or

Tris test is performed as an audit of completed ratio and phase relationship The voltage is
coils It verfies thiat the number of turns is a: iohed in three separate connection
correct ir eacr" winding section configurations for three pnase units

C CIRST OPEL IMINARY RATIO TEST B DEMAG TEST
T'e ',,st I"einmirary ratio test is located in the Tne cema- c test is oiven to eemove any ,esicuai

c:,e coi 2u,,c area prior to the core coil baKe r'aznet'sm in Drecaration for anr ,mOcuse test
o.e- Rat,-_ tests a-e performed on all core coil AlSO i: serves as a no-loac exciting zjret test
asse-"l•,es a! tne rated voltace cornectvior and at
a, tao volta::es A small voltage lapproximatelv Powe' is acO•led to the lo, '.oltave wincincs The
".ý- : *:ts !s acolect to the primary wnincr-c Tne voltace is ramo:,ec f'om zero to rated se ncr'cav
,oitace a2.,iec anc the seconcary voltage are ,.oltaqe anc tner rack tc zero volts A

r'easurez ny a coctal ratic meter The meter trarsformer is co~siceez tc rnave oassec tnis

civ,oes te seconoa'y voitage Dy the primary test if tne excitinc current does not exceec tne

o-age adc cs:ca. s t.re ratio For three pnase i~mit specified for the design of tne transformer
tansforme,'s tne test is cone separately on each under test
pnase
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C FULL WAVE IMPULSE TEST E APPLIED VOLTAGE TEST OF LV WINDINGS
The full wave impulse tes', attempts to simulate a (LHIC)
ligntning disturoance tral travels some distance The LHIC test is also periormec to check the

along a transmission line belore it reaches the insulation design and to verity proper

transformer At the transformer, this wave shape construction. The LHIC test verifies the

rises from zero to crest in 1.2 microseconds and insulation between the LV circuit to the HV

decays to one-half value in 50 microseconds. The circuit and to ground. (The acronym "LIC"

peak value is specified by ANSI standards stands for "low to high/iron continuity".)

according to the transformer rating. The test is performed by connecting all LV

Each HV bushing is tested by impulsing that terminals together and applying a specified
bushing while grounding one end of all windings voltage from the LV terminals to ground for one
and the tank Each HV bushing receives an minute : 50 HZ while all other terminals and the
impulse Shot at one-halt the rated value and then tank are ounded. The voltage applied is

another shot at the full impulse value. The specified by ANSI according to the transformer

ground current waveforms are recorded for both ratings. A transformer is considered to have

Shots on a winding and compared. The current successfully passed the test if no aporeciable

weveshaPe at the reduced impulse shot is taken current flows through the transformer.

fir.t to establish the Characteristic waveshape for
the winding while the insulation is still F. 400 HZ INDUCED POTENTIAL TEST

considered to be souto If the current waveshape The 400 HZ test is performed on all transformers

of the full imoulse shot is very similar to that of to check insulation design and verify proper

the reducec --ot, the winding is considered to construction. Although this test also verifies tI e

have passec the test. major insulation between the HV and LV circu:ts.
its main purpose is to Check the turn-to-turn and

0. APr.IED VOLTAGE TEST OF HV CIRCUIT layer-to-layer insulation within the HV and LV
(HLIC) windings. Also. this test Checks the insulation

The HLJC test is performed to check the between phases in the HV and LV circ,. '.
insulation design and to verify proper A 400 HZ voltage is applied to the Io6 tge

construCtion The HLIC test verifies the major terminals for eighteen seconds. The v :e can
insulation between the HV circuit to the LV be from two to four times rated (determined by

circuit and to ground, (The acronym "HLIC" the transformer ratings according to ANSI

stanos for "high to low/iron continuity".) standards). The transformer is considered to

Tne test is pertormec by connecting all HV have successfully completed this test if the

terminals tooetner and applying a specified current does not exceed a calculated value.

voltioe from tne HV terminals to ground for one based on the transformers cesign.
t - ,;te at 60 HZ while all other terminals anc the

UE - are grounded. The voltage applied is
so)ecfiec ny ANSI according to the transformer's
ravings A trar'.sfcrner is considered to have

sjccessfull, :assec the test if no appreciable
c.,;'en: flows
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PDL 46-300-TT-K

-ale 6

G NO LOAD LOSS AND EXC:TING CURRENT The test is performed by shorting the LV
The no-load losses are Izsses o' a transformer bushings together anc applying sufficient
excited at rated voltage out no: suoplying load, excitation to the HV ousnings tO circuiate rated
that is. wnen only exciting current flows through current through the HV cjrcujt. Measurements
the energizec wincing The no-ioac loss consists are taken for power input. voltage applied.
of the iron loss in the core. dielectric loss. and current, and oil temperature. Winding resistances
the loss in the winOings cue to tne exciting are measured Then. the impedance and load
current, loss are calculated at the rated operating
Rated voltage is applied to the low voltage temperature (normally 850C).
terminals With the nigh voltage terminals open I FINAL CONTINUITY CHECK
circuited. Simultaneous readings are made of A continuity test is performed on all
voltage applied, power input, and excitation transformers. This test will assure our customers

that the transformer fulfills their specifications
The no-load loss TW (true watts) is the value and prevent possible safety hazards cue to
read by a wattmeter measuring the power input. incorrectly wired transformers.
The % excitation current is the percent of rated The continuity test is performed in Final
current drawn during this test. Assembly after all HV. LV and accessory
The no-load loss AW (apparent watts) is the markings (stencils. decals. etc.) have been
product of the applied voltage and the exciting acplied to the transformer The following checks
cur'ent (also. times the square root of 3 if a three are made:
phase transformer).

a. The nameplate is compared to manufacturing
H LOAD LOSS. RESISTANCE AND IMPEDANCE informatior for style, serial number. kVA. HV

TEST rating. LV rating. tap voltages, impedance.
The load loss of a transformer is the loss created conductor materials and coil BIL rating.
by current flow through the transformer
windinas. Current flow through the windings b The cuantity of bushings. electrical
creates the following two types of losses: accessories. and fuses on the unit is verified

to agree with the nameplate and
a Fr loss The FR loss is the real power manufacturing information. The bushing

consumed tor heat created) by load current identification on the unit is checked against
cassing tnrough the winding resistance the nameplate

b Stray loss The Stray loss is the eddy current c An orhmmeter is tnen used to check the unit
losses caused by leaKage flux The stray loss and verify thal tne internal wiring and the

operation of all devices (breakers. Switcnes.is generally less tan five percent of total cull-Ou, fuses. etc.) agrees with the
nameplate

Tne impedance voltace is the voltage drop due to
ioac current. Dassing tr ough the inductance anc CIRCUIT BREAKER TEST
resistance of tne w n',ngs The impeda ,ce is Each transformer that ras an under-oi breaker is
expresse- as a pe'centape of ratec hgn voltage . to *ne treaKer test station There. each

z .' Tne prea~e, is tested by circuiatinc
s. en!t curen.'t to trp the breaker witnin
,wenty seconCs Th•s is an operational test which
assures tnal t" e breaker was correctly irstalied
and is mecnanicaliy anc eiectrically sound

B-12
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4. Special Tests B TEMPERATURE TESTS

Special tests are performed at the option of the Core losses and cOi locsses are the primary

customer or the design engineer, sources of heating within the transformer
Temperatures within the transformers are a

A. SOUND TESTING function of:

Some customers specify a maximum allowable a Losses generated by the core and Coil
transformer sound level. The sound generated by b. Core. coil and tank construction
a transformer is affected by the core geometry.
flux density, tank design. and the quality of c. The transformer's external environment
assembly of all of the transformer component (primarily the surrounding air temperature)
into a completed unit. In general. our transformers are guaranteed to
Sound measurements are made on the "A" have an average coil winding temperature of no
weighted scale. The "A" characteristic best more than 65 0C rise over ambient air
relates how a young listener (with normal temperature when operated at rated voltage and
hearing) hears the complex transformer- load conditions. (Other winding temperature
generated sound. For reference, zero dB is a rises may be specified.)
sound level just barely below the minimum
detectable sound level of the "young listener". The temperature test is performed to determine
The noise level in a large office usually is the thermal characteristics of the transformer

between 50 and 60 dB. Very loud sounds such as and to verify that these characteristics are within

nearby airplanes and railroad trains may exceed design limits.

100 dB. The Compromise Method (or Short Circuit

Sound level tests require an ambient sound level Loading Method) is used to simulate rated

at least five. and preferably ten. decibels lower operating conditions. The low voltage winding

titan the sound level of the transformer and terminals are shorted and sufficient current is

ambient combined. The tests are performed in circulatec through the HV windings to generate a

the Shipping warehouse and are scheduled loss within the transformer equivalent to the core
Curing off-shifts to obtai the lowest practical loss plus the load loss. The transformer tap

ambient sound level (approximately 36 dB). Changer is connected to its maximum loss

Sound tests are made with the unit powered at (lowest voltage) position and total losses are

100% and 110% of rated voltage under no-load applied to the transformer.

conditions Total Loss = Iron Loss - Loac Loss

Sound measurements are made at three-foot The purpose of this initial loadinc is to eslanlish
intervals on a stretched string contour around the maximum oil rise temperature of tne
the tank at half the tank height. The points begin transformer Tnrermocouples are usec to mon;tor
at the drain valve and proceed clockwise around tne top and bottom hOi temperatures anc tne
the tank The sound instrument nozzle is pointed ambient air temperatures The transformer is
•orizontally at the string with the end of the operated at :nis icading until the increase in tne
nstrument one foot from the string. oil temperature over amoient coes not crh.ange

T'ne measurement values are averaged to obtain more ,-ar 1 C in nree hours
a,' average 'A' weighted sound level.
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Pa~e e

After a tiree-riour period of stable oil Avg Oil Rise = (Top Oil C, Cutback - Bottom
temoerature, the loading is cu: back to rated Oil @ CutbacK) - 2
current and continued for one hlour The Coil Diff. = Winding Rise - Top Oil Rise
transformer is then disconnected from the power
source lmmedia" v. resistance measurements Top Oil Rise = Top Oil @ Cutback - Amb. @
are taken as the transformer cools. The initial Cutback
resistance readings on each winding are taken Gradient = Winding Rise - Avg. Oil Rise
within four minutes after the transformer is ce-
energized. Three additional readings are taken. Winding Rise = Wind. Temp - Ambient @
uo to a maximum time of ten minutes after the Cutback - (Top Oil @ Cutback
transformer was de-energized - Top Oil @ Shutdown)

The resistance of a winding prior to de-
energizing the transformer can be found by
plotting the resistance readings versus time and The test equipment is periodically calibrated to
extrapolating the curve back to zero time assure that the tests are valid and accurate.
Knowing the resistance, the winding temperature More detailed information about the calibration
at the instant of shutdown can be calculated, program is in the Electrical Calibration Procedure,
Following are useful performance data obtained CAP302.
from the temperature test:

ABB Power T&O Company Inc. V ,. 1 - A

Ur3er?;roure) DistroutlOr Transformers
jeffe-son City MO 65101 B- 14 January, 1990
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TRIP REPORT
F:NAL ACCEPTANCE TESTING OF

NATIONAL INDUSTRI CAST COIL TRANSFORMERS
FOR SAN DIEGO NORTH ISLAND NAVAL BASE

Trip Date: Oct. 8-11, 1990
Location: Hampton VA
Objective: Attend witness testing of cast coil transformers

for the San Diego North Island Naval Base.

Factory Testing:

The following eight transformers contracted with ABB are being
manufactured by ABB/National Industri Transformer Inc. in Hampton,
VA:

t Shop Order Location Size(kVA) PWC

1 2897 94 750/1000 CC69
2 2898 94 300 CC70
3 2899 378-1 750/1000 CC27A
4 2900 378-1 500 CC27B
5 2901 472 1500 CC45
6 2902 489 1500 CC49
7* 2903 342 112.5 CC16
8 2904 378-6 500 CC26

Shop order # 2903 had not been constructed at the time of this
trip. It is scheduled to be completed in late November.

The following sections will detail all testing performed on each of
the transformers. The certified testing reports issued by National
Industri are included in the appendix of this trip report should
you need further information.

Tests:

1. Coil resistance test
2. Turns ratio test
3. Polarity & phase rotation
4. No-loaa loss
5. Impedance & load loss
6. Temperature rise test
7. Impulse (BIL) test
8. Applied potential test
9. Induced potential test
10. Partial discharge test
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Shop Order #2897:

This transformer is a 750/1000 kVA AA/FA outdoor unit substation
complete with a 15kV fused primary switch and secondary switchgear.
The transformer has a 2400V/12000V reconnectable primary winding
and a 480/277V secondary winding. Each primary winding is
constructed using five sections. These five sections are connected
in series for the 12000V configuration and in parallel for the
2400V configuration. Vertical busses mounted external to the coils
are used to make the series/parallel connections. High voltage
taps are provided on the primary 12000V configuration only. The
primary switch was built in as part of the unit. The secondary
switchgear was not present. It is assumed that ABB will be
supplying this switchgear themselves. Note that the transformers
are painted a non-standard color and that the secondary switchgear
will need to be painted to match. The tests performed on this unit
and the results were as follows:

TEST STATUS

Coil Resistance See test sheet.

Turns Ratio Test See test sheet.

Pol. & Ph. Rotat. Tests okay.

No-load Loss Measured no-load losses = 2491 watts. This is
substantially less than the guaranteed maximum
of 2800 watts.

Load Loss Measured load losses = 5728 watts. This is
slightly over the guaranteed maximum of 5700
watts, however, it is within the +/- 5%
tolerance required in the RFP.

Impedance Measured to be 5.21%--this value is within
tolerance of 5% (+/- 10% dual voltage only).

Temperature Rise AA measured (celsius) Max 73.1
FA measured (celsius) Max 68.3
These values are within the required 80 degree
C maximum. Note that the transformer failed
the first FA heat run test, however, passed
the second attempt.

Impulse Test All impulse tests passed. However, problems
were encountered on the H3 coil. The second
chopped wave test on H3 failed. Several
modifications to the test connections were
performed of which none solved the problem.
Finally it was determined that the clearance
between the fan blade and the primary coil was
not sufficient. For 95kV BIL, a minimum of
5.5 inches is needed. The fan blade was
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approximately 2.5 inches from the primary
coil. The fan appeared not to be damaged by
-'e failures. See narrative for further
d.scussion.

Applied Potential Passed, no problems detected

Induced Potential Passed, no problems detected

Partial Discharge The partial discharge tests were performed
using new equipment in the "Corona Room". The
levels of detected partial discharges were
recorded for both 110% and 150% of rated
primary voltage at both the top and bottom of
each high voltage coil. The levels monitored
contain a substantial amount of background
noise and therefore and not completely
indicative of the actual level of partial
discharge in the coil. The transformer was
determined to pass the test in lieu of the
misleading results obtained.

The transformer successfully passed all tests, however, several
problems were experienced during the process. The load loss was
measured to be 28 watts over the guaranteed maximum of 5700.
However, the no-load loss was measured substantially under the
guaranteed maximum. The end result is a lower total loss over what
was guaranteed. This transformer required four heat runs, AA
(ambient air) 2400V, FA (forced air) 2400V, AA 12000V, and FA
12000V. Both of the AA heat runs passed without incident, however,
the FA heat runs failed. The transformer had been designed and
constructed with 6 cooling fans. Prior to temperature testing, the
design engineer had determined that this design would not be
sufficient and that 12 fans would be required to maintain adequate
cooling. The design engineer then issued an "Engineering Change
Notice ECN" to change the design. This ECN was not executed prior
to testing the transformer. The transformer was then modified to
incorporate the 12 fan desiin. The FA heat tests were rerun and
passed successfully. This :odification caused another problem.
When the additional 6 fans were installed the clearance between the
fan blades and the high voltage bus was reduced from 6 inches to
2.5 inches. This spacing proved inadequate as the 95kV impulse
tests failed. It turned out that another ECN had been drafted and
not implemented. The design engineer had proposed a bussing
modification which would allow adequate spacing of 5.5 inches. We
performed the bussing modifications in the impulse bay and were
able to pass all impulse tests without further incident. The final
problem encountered while testing this unit was during the partial
discharge testing. The "corona room" is used to perform partial
discharge testing. The large transformers however will not fit in
their corona room, thus, accurate isolated testing is not possible.
The result is a substantial amount of noise overlayed on the
partial discharge display (lissajous figure). No prc-lems with the
transformer were detected during this testing, howeve.r, they are in
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the process of upgrading their test equipment so that more accurate
testing can be performed.

Shop Order #2898

This transformer is a 300kVA indoor padmount unit with a 480V delta
primary winding and a 208/120V grounded wye secondary. The
following tests were performed on this unit.

TEST STATUS

Coil Resistance See test sheet.

Turns Ratio Test See test sheet.

Pol. & Ph. Rot. Tests okay.

No-load Loss The measured no-load loss = 1318 watts. This
is under the guaranteed maximum of 1400 watts.

Load Loss The measured load loss = 3200 watts. This is
over the guaranteed maximum of 3100 watts.

Impedance The impedance was measured to be 3.16%. This
is within tolerance.

Temperature Rise AA measured (celsius) maximum 49.3

Impulse Test All tests passed at 30kV.

Applied Potential Passed, no problems detected

Induced Potential Passed, no problems detected

Partial Discharge This transformer had to be partial discharge
tested in the transformer test bay #1. No
problems were detected.

Overall, all tests passed and no problems were identified. The
clearances in the unit are very tight, however, the unit passed all
30kV impulse tests so the spacing proved to be adequate.

Shop Order #2899

This transformer is a 750/1000kVA AA/FA indoor unit substation
complete with a new 15kV fused primary switch and new secondary
switchgear. The transformer has a 12kV delta connected primary and
a 480/277V grounded wye secondary.

No tests were witnessed on this unit. I have reviewed the
certified test report for this unit and no problems were
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identified. The losses, impedance, temperature rise, and
configuration is within specification. Refer to the appendix for
further information.

Shop Order #2900

This transformer is a 500kVA AA indoor padmount. It has a 480V
delta connected primary and a 208/120V grounded wye connected
secondary. The transformer has a very nigh primary current and
such no primary voltage taps are required. The primary winding is
wound as two sections connected in parallel to supply the high
current required. The tests performed on this unit were as
follows:

TEST STATUS

Coil Resistance See test sheet.

Turns Ratio Test See test sheet.

Pol. & Ph. Rot. Tests okay.

No-Load Loss The measured no-load loss = 1483 watts. This
is less than the guaranteed maximum of 1600
watts.

Load Loss The measured load loss = 6204 watts. This is
greater than the guaranteed maximum of 5900
watts. This value is 9 watts over the +/- 5%
tolerance level.

Impedance The measured impedance = 6.22%. This value is

slightly over the toleranre value.

Temperature Rise AA measured (celsius) maximum = 54.5

Impulse Test All tests passed at 30kV.

Applied Potential Passed, no problems detected.

Induced Potential Passed, no problems detected.

Partial Discharge This transformer had to be partial discharge
tested in transformer test bay #1. No
problems were detected.

All factory tests passed. Note that a stripped out insulator on
the primary bus was detected and replaced. During the impulse
testing intermittent problems were encountered while testing the H3
terminal. Nothing was found out of order with the transformer.
The * -st gear was reset then the tests were rerun and each test
pass-. withc t incident. The problem was thus assured to be in the
test -quipment.
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Shop Order #2901

This transformer is a 1500kVA outdoor retrofit padmount unit. It
has a 12000V delta primary and a 480/277V secondary. The following
tests were performed on this unit:

TEST STATUS

Coil Resistance See test sheet.

Turns Ratio Test See test sheet.

Pol. & Ph. Rot. Tests okay.

No-Load Loss The measured no-load loss = 3689 watts. This
is below the guaranteed maximum of 3900 watts.

Load loss The measured load loss = 9441 watts. this is
below the guaranteed maximum of 9600 watts.

Impedance The measured impedance = 5.6%. This is within
tolerance.

Temperature Rise AA temperature (celsius) maximum = 67.4

Impulse Test Passed, no problems detected.

Applied Potential Passed, no problems detected.

Induced Potential Passed, no problems detected.

Partial Discharge This transformer had an uncharacteristically
good response under the partial discharge
test. No problems were detected.

All tests on this unit went well. No problems were identified.

Shop Order #2902

This transformer is a 1500kVA outdoor retrofit padmount unit. It
has a 12000V delta connected primary and a 480/277V grounded wye
secondary. It will be installed to replace a temporary 3750kVA
unit substation. The existing primary switch will be re-installed.
The following tests were performed on this unit:

TEST STATUS

Coil Resistance See test sheet.

Turns Ratio Test See test sheet.

Pos. & Ph. Rot. Tests okay.
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No-Load Loss The measured no-load loss = 3759 watts. This
value is below the guaranteed maximum of 3900
watts.

Load loss The measured load loss = 9429 watts. This
value is below the guaranteed maximum of 9600
watts.

Impedance The measured impedance = 5.77%. Within

tolerance.

Temperature Rise Not received yet.

Impulse Test Passed, no problems detected.

Applied Potential Passed, no problems detected.

Induced Potential Passed, no problems detected.

Partial Discharge Passed.

The tests were all performed, however, the certified test report
has not been received. The report was inadvertently not placed in
the transmittal package. The test results presented for this unit
were taken directly from my field notes. The temperature rise
information is not available as I did not witness the overnight
temperature rise tests. The data will be reviewed when the
certified test report is received. Two of the high voltage bus
sections have very sharp edges. These edges cause very high stress
regions on the bus bars. I recommended that they grind the edges
smooth to eliminate this problem. They agreed that it could cause
a problem and stated that they would eliminate the sharp edges.
Several problems were observed while performing the partial
discharge tests. A majority of the problems were corrected by
removing the buswork and adjusting the test apparatus connections
to the coils. It was determined that no problems existed in the
transformer coils. Removal of the sharp edges should eliminate a
majority of the remaining problems.

Shop Order #2903

This unit has not been built. It is scheduled for construction by
late November. No tests were performed on this unit.

Shop Order #2904

This transformer is a 500kVA outdoor padmount unit. It has a
12000V delta primary and a 4 _/277V secondary. The following tests
were performed on this unit-
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TEST STATUS

Coil Resistance See test sheet.

Turns Ratio Test See test sheet.

Pol. & Ph. Rot. Tests okay.

No-Load Loss The measured no-load loss = 2244 watts. This
is under the guaranteed maximum of 2400 watts.

Load Loss The measured load loss = 4499 watts. This is
under the guaranteed maximum of 4700 watts.

Impedance The measured impedance = 5.57%. This is
within tolerance.

Temperature Rise Not received yet.

Impulse Test All tests passed.

Applied Potential Passed, no problems detected.

I.iduced Potential Passed, no problems detected.

Partial Discharge Passed.

The tests were all performed, however, the certified test report
has not been received. The report will be sent with the one for
unit #2902. The data will be reviewed when the report is received.
Note that this unit did not have future forced air fan mounting
brackets. These brackets should be added prior to shipping from
National Industri. They informed me that the brackets would be
added. We will want to follow up in the field and verify that they
did get installed.

CONCLUSION:

The tests went well in spite of several challenges. Transformers
#2897 through 2904 except #2903 are ready for installation. Unit
#2903 will be completed in late november.

B-26



EBA NATIONAL INDUSTRI
2520 58tm Street Teiporione Te Te lax
Hampton. Virginia 23661 (8D4) 838-6080 82.3646 (804B 838-6905

TRANSMITTAL LETTER

FOR

CERTIFIED TEST REPORT

RE: ABB SERVICE CO. DATE: rIV 16E"
2382 E. ARTESIA BLVD.
LONG BEACH, CA 90805 SHOP ORDER NO: 28970

ATTENTION: ROGER RATICAN

JOB NAME: TBA

CUSTOMER: ABB SERVICE CO P.O.NO: LS-01446-C

We are transmitting herewith four (4) copies of the Certified Test
Report for your records.

If you have any questions, please do not hesitate to contact me.

P~attyv ri
Admin. Assist. Mkct.

EB CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP

B-27



E,BAl NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02897-1
STYLE NO. 640750B057
KVA 750
TEST DATE OCTOBER 9, 1990

* TOP * % VOLTAGE * COIL 1 * COIL 2 * COIL 3
************* ******** *****************************************************

*INCEPTION * 150 * 40 Pc * 20 Pc * 20 Pc

• • * * *

:EXTINCTION * 110 * 5 Pc * 10 Pc * 10 Pc

* BOTTOM * % VOLTAGE * COIL 1 * COIL 2 * COIL 3

:INCEPTION * 150 * 10 pc * 20 PC * 50 pc

*EXTINCTION * 110 * 3 pc * 10 pC * 15 pc

IL II •I B-29
PEClA lp. St. @Mo.. Sol( ES CORPORATION -A MEMBER OF THE ASEA BROWN BOVE= GROUP



EBA NATIONAL INDUSTRI
2520 58tr Street Te.eDrton Teiax Telerae
Hampton Virginia 23661 (804) 838-8060 82-3646 (804) 838-8905

TRANSMITTAL LETTER

FOR

CERTIFIED TEST REPORT

RE: ABB SERVICE CO. DATE: Vi7E 16
2382 E. ARTESIA BLVD.
LONG BEACH, CA 90805 SHOP ORDER NO: 28970

ATTENTION: ROGER RATICAN

JOB NAME: TBA

CUSTOMER: ABB SERVICE CO P.O.NO: LS-01446-C

We are transmitting herewith four (4) copies of the Certified Test
Report for your records.

If you have any questions, please do not hesitate to contact me.

Sincerely,

Patty orris
Admin. Assist. Mkt.

A it oil

EB CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP

B-27



IRA-' NATIONAL INDUSTRI

CERT:FIED TEST REPORT

iOP ORDER 02897-1 STYLE NO. 840750B057 TEST DATE 10-09-90

3MINAL VOLTAGE: 12000 Delta / 480 Grd-Wye Three Phase 60 Hertz
VA: 750/1000 CLASS: AA/FA AVG WDG RISE: 75 DEG C.
qSULATION RATED AT 185 DEGREE C BIL (kv): HV- 95 LV- 30

USTOMER: ABB SERVICE CO. PO# LS-01446-C
LONG BEACH, CA. 90805

* • * * • * *

KVA • NO LOAD * • TAP * LOAD * * TOTAL SERIES *
* LOSSES * % Iex * * LOSSES * %Z * RESISTANCE @ 95C *
* 24 C * 24 C* * 95 C * 95 C * PRIMARY SECONDARY*
• (watts) * * (volts) * (watts) * * (ohms) (ohms) -

* • • • • * • *

750 • 2491 • 0.906 * 12000 * 5728 * 5.21 * 7.02239 * 0.002762 *
• • • • • • * •

APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO •
HV LV • 400 Hz, 18 SEC. * *

(kv) (kv) * (volts) • *

34 4 * 960 * A/B 43.405 *
* • C/A 43.391 •
* • B/C 43.392 *

***** * ******** *************** **************************** ******************

NSI STANDARD IMPULSE TEST PERFORMED AT 95 KV BIL.

A MEASURED TEMPERATURE RISE (C): HV - 73.1 LV - 60.8

A MEASURED TEMPERATURE RISE (C): HV - 68.3 LV - 51.1

MPEDANCE AND LOAD LOSSES AT TAPS:
1-2) = 5.10% AND 5445 WATTS, (5-6) = 5.28% AND 5787 WATTS.
ARTIAL DISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
OWER FACTOR TEST PERFORMED AT 2.5 KV:
-G = .747, L-G = .350 AND H-L = .436

ERTIFICATION:

EST TECHNICIA ENGINEER 6d'
S~/

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

AL Dub lB-28
EB CORPORATION - A MEMBER OF THE ASEA BRVON BOVERi GROUP



E-A NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02897-1
STYLE NO. 640750B057
KV'A 750
TEST DATE OCTOBER 9, 1990

BOTTOPM VOLTAGE ' COIL 1 * COIL 2 * COIL 3

****.***.**' **************************************.*************.********

*INCEPTION * 150 1 40 Pc • 20 Pc 5 20 Pc

'EXTINCTION * 110 3 5 Pc • 10 Pc • 10 Pc
**** ** SS* ****** *** ******** ********************* ***********************

* BOTTOM * % VOLTAGE • COIL 1 • COIL 2 * COIL 3

' INCEPTION ' 150 * 10 Pc ' 20 Pc ' 50 Pc

' EXTINCTION ' 110 ' 3 pc ' 10 Pc ' 15 pc

Ak El •1 B-29
£si. 0o-0- 4o, EB CORPORATION - A MEMBER OF THE ASEA BROWN BOVER' GROUP



NATIONAL INDUSTRI' a:E:a.Sc
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TRANSFORMER IMPULSE TEST REPORT
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EBA NATIONAL INDUSTRI
252C s5tr Stroee TTegec-oxre Tole Teea
mampto'n. Vtrginia 23661 (8041 838-8080 82-3646 ( 838-8905

TRANSMITTAL LETTER

FOR

CERTIFIED TEST REPORT

RE: ABB SERVICE CO. DATE: *CT itL
2382 E. ARTESIA 3L'VD.
LONG BEACH, CA 90805 SHOP ORDER NO: 28980

ATTENTION: ROGER RATICAN

JOB NAME: TBA

CUSTOMER: ABB SERVICE CO P.O.NO: LS-01446-C

We are transmitting herewith four (4) copies of the Certified Test
Report for your records.

If you have any question-, please do :,ot hesitate to contact me.

Sincere

Admin. Assist. Mkt.

A1111 E-38
EB CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP



EBA NATIONAL INDUSTRI

* CERTIFIED TEST REPORT *

SHOP ORDER 02898-1 STYLE NO. 810300B001 TEST DATE 10-08-90

NOMINAL VOLTAGE: 480 Delta / 208 Grd-Wye Three Phase 60 Hertz
KVA: 300 CLASS: AA AVG WDG RISE: 65 DEG C.
INSULATION RATED AT 185 DEGREE C BIL (kv): HV- 30 LV- 3C

CUSTOMER: ABB SERVICE CO. PO# LS-01446-C
LONG BEACH, CA 90805

** * * * * * *

* KVA * NO LOAD * * TAP * LOAD * * TOTAL SERIES
* * LOSSES * % Iex * * LOSSES * % Z * RESISTANCE @ 85 C
* * 28 C * 28 C * * 85 C * 85 C * PRIMARY SECONDARY
* * (watts) * * (volts) * (watts) * * (ohms) (ohms)
*********** ****************************************************************
* * * * * * * *

* 300 * 1318 * 1.692 * 480 * 3200 * 3.16 * 0.03365 * 0.001662
* * * * * * * *

**** * ***** ******* ** ******** **** ** *************** * ****************** *****

* APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO
* HV LV * 400 Hz, 18 SEC. *
* (kv) (kv) * (volts) *

* 12 4 * 416 * A/B 3.994
* * * C/A 3.993
* * * B/C 3.992
* * *

ANSI STANDARD IMPULSE TEST PERFORMED AT 30 KV BIL.

AA MEASURED TEMPERATURE RISE (C): HV - 49.3 LV - 48.9

IMPEDANCE AND LOAD LOSSES AT TAPS:
(1-2) = 3.05% AND 2720 WATTS, (5-6) 3.18% AND 3282 WATTS.
PARTIAL DISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST PERFORMED AT 2.5 KV:
H-G = .379, L-G = .539 AND H-L = .292

CERTIFICATION:

TEST TECHNICIAN ENGINEER 12

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

IL El El B-39

.St. *,.a..o8ý. ES CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP



EB"A NATIOAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02898-1
STYLE NO. 810300B001
KVA 300
TEST DATE OCTOBER 8, 1990

* TOP * %VOLTAGE * COIL1 * COIL 2 * COIL3 *

* I * * * *

:INCEPTION * 150 * 32 pc * 35 pc * 32 pc *

******** ***************************** *********** ***************************

BOTTOM %VOLTAGE * COIL 1 * COIL 2 * COIL3 *

* * * * * *

*INCEPTION * 150 * 35 pc * 35 pC * 31 pc *

AL It it 6-40

E•0o CORPORATION - A MEMBER OF THE ASEA BROWN BOvERi GROUP
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EBA NATIONAL INDUSTRI
2520 58t StrS.t Tel.oeone ToKeta
Mampton. Virginia 23661 (804 838-8080 82-3646 (804 838-8905

TRANSMITTAL LETTER

FOR

CERTIFIED TEST REPORT

RE: ABB SERV:-CE CO. DATE: OCT 16 1990
2382 E. ARTESIA BLVD.
LONG BEACH, CA 90805 SHOP ORDER NO: 025#90

ATTENTION: ROGER RAT:CAN

JOB NAME: TBA

CUSTOMER: ABB SERVICE CO. P.O.NO: LS-01446-C

Ue a-e transmitting herewith four (4) copies of the Certified Test
Report for your records.

:f you have any questions, please do not hesitate to contact me.

Sincer1ly,

Libby SmT
Customer Service Supervisor

Allis B-45
EB COR~PORATION - A MEMBER OF THE ASEA BROWN BOVEPI GROUP



,EBA NATIONAL INDUSTRI

CERTIFIED TEST REPORT

SHOP ORDER 02899-1 STYLE NO. 840750B056 TEST DATE 10-15-90

NOMINAL VOLTAGE: 12000 Delta / 480 Grd-Wye Three Phase 60 Hertz
KVA: 750/1000 CLASS: AA/FA AVG WDG RISE: 75 DEG.C
INSULATION RATED AT 185 DEGREE C BIL (kv): HV- 95 LV- 30

CUSTOMER: ABB SERVICE CO. POI LS-01446-C
LONG BEACH, CA 90805

* * * * * * * .

* KVA *NO LOAD* * TAP * LOAD * *TOTAL SERIES *
* *LOSSES * % Iex * * LOSSES * %Z * RESISTANCE @ 95C *
* * 22 C * 22 C* * 95 C * 95 C * PRIMARY SECONDARY*
* * (watts) * * (volts) * (watts) * * (ohms) (ohms) *

* * * * * t * * *

* 750 * 2022 * 0.647 * 12000 * 5159 * 5.41 * 6.02399 * 0.002718 *
* * * * * * * * *

* APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO *
* HV LV * 400 Hz, 18 SEC. * *
* (kv) (kv) * (volts) * *
************************************w****************************** **********

* 34 4 * 960 * A/B 43.271 *
* * * C/A 43.259 *
* * * B/C 43.260 *

ANSI STANDARD IMPULSE TEST PERFORMED AT 95 KV BIL.

AA MEASURED TEMPERATURE RISE (C): HV - 63.6 LV - 63.2

FA MEASURED TEMPERATURE RISE (C): HV - 56.9 LV - 50.2

IMPEDANCE AND LOAD LOSSES AT TAPS:
(1-2) = 5.33% AND 5020 WATTS, (5-6) = 5.52% AND 5340 WATTS.
PARTIAL DISCHARGE TFST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST PiERFORMED AT 2.5 KV:
H-G = .805, L-G = .495 AND H-L = .182

CERTIFICATION: /
TEST TECHNICIAN A - - ENGINEER "

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

ii I"B-46
'p It AEE.s, ..--,.,-EE CORPOW, iON - A MEMBER OF THE ASEA BROWN BOVER, GROUP



EI A NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER C2899-1
S*rYLE NO. 840750B056
KVA 750
TEST DATE OCTOBER 15, 1990

* ************************************************************************* *

* TOP * %VOLTAGE * COILl * COIL 2 * COIL3 *

* * * * * *

*I1CEPTION * 150 * 5 Pc * 3 PC * 5 pc *
* **************************************************************************
* * * * * *

*EXT7.:"TION * 110 * 0 Pc * 0 Pc * 0 PC *

******.***********************************w**************u******************

* BOTTOM * % VOLTAGE * COIL 1 * COIL 2 * COIL 3 *
************~*************************************************4 *************

* * * * * *

*INCEPTION * 150 * pc * 3 pc * 3 pc *
* *** *** *** *** ********************************************************* *****

* * * * * *

*EXTINCTION * 110 * pc * 3 pc * 3 pc *

AIL 3| 3| B-47

.St. e0o. ., q EB CORPORATION - A MEMBER OF THE ASEA BROWN BO'ERi GROUP
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EBR NATIONAL INDUSTRI
2520 58M Street TeleDhone Tewx Teletax
Hampton Virginia 23661 (804) 836-8080 82-36.46 (804) 838-8905

iRANSMITTAL LETTER

FOR

CERTIFIED TEST REPORT

RE: A55 SERVICE CO. DATE: "rrie 199U
23E2 E. ARTESIA BLVD.
LaNG BEACH, CA 90805 SHOP ORDER NO: 029000

AETENT:JN: FOGER RATI:CAN

•J3B NAME: T7A

CLETM0EP: AE5 SERVICE CO. P.O.NO: LS-O144b-C

we are t-ansrni:ting hereuith four (4) copies of the Certified Tes-
Reuor:t for your records.

if you nave any questions, please do not hesitate to contact me.

Sincerely,

i y Sm
Customer Service Supervisor

AL II I1 B-52

S+. ... EB CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP



E6 0 NATIONAL INDUSTRI

CERTIFIED TEST REPORT

SHOP ORDER 02900-1 STYLE NO. 810500B001 TEST DATE 10-10-90

NOMINAL VOLTAGE: 480 Delta / 208 Grd-Wye Three Phase 60 Hertz
KVA: 500/667 CLASS: AA/FFA AVG WDG RISE: 75 DEG C.
INSULATION RATED AT 185 DEGREE C BIL (kv): }V- 30 LV- 30

CUSTOMER: ABB SERVICE CO. PO# LS-01446-C
LONGBEACH, CA 90805********* * *** *** *** * ************************w************************

** * * * * * *

* KVA * NO LOAD * * TAP * LOAD * * TOTAL SERIES
* * LOSSES * % Iex * * LOSSES * % Z * RESISTANCE @ 95 C
* * 25 C * 25 C * * 95 C * 95 C * PRIMARY SECONDARY
* * (watts) * * (volts) (watts) * * (ohms) (ohms)

* * * * * * * *

* 530 * 1483 * 0.953 * 480 * 6204 * 6.22 * 0.02384 * 0.001183
* * * * * * * *

* APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO
* HV LV * 400 Hz, 18 SEC. *
* (kv) (kv) * (volts) *

* 12 4 * 416 * A/B 3.994
* * * C/A 3.991
* * * B/C 3.991

ANSI STANDARD IMPULSE TEST PERFORMED AT 30 KV BIL.

AA MEASURED TEMPERATLRE RISE (C): hV - 53.1 LV - 54.5

PARTIAL DISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST PERFORMED AT 2.5 KV:
H-L = .296, H-G = .605 & L-G = .338
IMPEDANCE AND LOAD LOSSES AT TAPS:
(1-2) = 6.11% AND 6442 WATTS, (5-6) 6.32% AND 6122 WATTS

CERTIFICATION:

TEST TECHNICIAN-i"• " '- ENGINEER _.. _ -

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

IL E1I~B-53
F imU EB CORPORA71ON - A MEMBER OF THE ASEA BROWN BOVER1 GRDJP
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EWA NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02900-1
STYLE NO. 810500B001
KVA 500
TEST DATE OCTOBER 10, 1990

• TOP * % VOLTAGE * COIL 1 • COIL 2 * COIL2 *

11INCEPTION • 150 • 30 pc * 35 pC 30 pc

'BOTTOM % VOLTAGE * COIL 1 * COIL 2 • COIL 3

:INCEPTION * 150 * 32 pc • 35 pc • 32 pC

11111 }B-54
"APCIP M• • .- ,I,. EB CORPORA•ION " A MEMBER OF THE ASEA BR@WN BOVERI OROJ
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EBA NATIONAL INDUSTRI
2520 58M? Street Toeoerwote Telex Telefax
Hamp~ton. Virginia 23661 (804) 838-8080 82-3646 (804) 5880

FC R
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"ustomie: Service Supervis~

A IEB OROATO 1-1 A E BE 8-59
EBCROAIO-AMME OF THE ASEA BROWN BOVERI GROUP



E66A %ATIONAL INDUSTRI

CERTIFIED TEST REPORT

;HOP ORDER 02901-1 STYLE NO. 841500B109 TEST DATE 10-08-90

tOMINAL VOLTAGE: 12000 Delta / 480 Grd-Wye Three Phase 60 Hertz
VA: 1500/2000 CLASS: AA/FFA AVG WDG RISE: 75 DEG C.
.NSULATION RATED AT 185 DEGREE C BIL (kv): HV- 95 LV- 30

*USTOMER: ABB SERVICE CO. PO# LS-01446-C
LONG BEACH, CA 90805

KVA * NO LOAD* * TAP * LOAD * *TOTAL SERIES *
* LOSSES * % Iex * * LOSSES * %Z * RESISTANCE @ 95C *
* 23 C * 23 C * * 95 C * 95 C * PRIMARY SECONDARY *
* (watts) * * (volts) * (watts) * * (ohms) (ohms) *

~***** ***************************** ******************************************

• 1500 * 3689 * 0.647 * 12000 * 9441 * 5.60 * 2.43206 * 0.001307 *

* APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO *
* HV LV * 400 Hz, 18 SEC. * *
• (kv) (kv) * (volts) * *
** *** * **** ** ****** ************ **** ****** ***** ************ ******* *********** *

* * * *

S 34 4 * 960 * A/B 43.285 *
* * * C/A 43.255 *
* • * B/C 43.265 *

ANSI STANDARD IMPULSE TEST PERFORMED AT 95 KV BIL.

AA MEASURED TEMPERATURE RISE (C): HV - 67.4 LV - 64.8

IMPEDANCE AND LOAD LOSSES AT TAPS:
(1-2) = 5.51% AND 9129 WATTS, (5-6) = 5.77% AND 9794 WATTS.
PARTIAL DISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST PERFORMED AT 2.5 KV:
H-G = .224, L-G = .501 AND H-L = .196

CERTIFICATION:

TEST T.EcHNIC:AkN ENGINEER ~

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

IL I! fl B-60

EB CORDORATION A MEMBER OF THE ASEA BROW•N EVER GROJ



,EB-A NATIONAL INDUSTIlI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02901-1
STYLE NO. 841500B109
KVA 1500
TEST DATE OCTOBER 8, 1990

* TOP * %VOLTAGE * COIL 1 * COIL2 * COIL 3

"* * * * *

"INCEPTION * 150 * 30 PC * 5 Pc * 20 Pc
**** ****.************ ******************************************************,

"EXTINCTION * 110 * 0 pc * 0pc * 0pc

* BOTTOM * % VOLTAGE * COIL 1 * COIL 2 * COIL 3
******** ** ** ********* *********** **************************************

* * * * *

"INCEPTION * I50 * 30 PC * 3 PC * 25 Pc

* * * ' *

"EXTINCTION * 110 * 0 Pc * 0 Pc * 0 Pc

IL l ID B-61
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TRANSFORMER IMPULSE TEST REPORT
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ERA NATIONAL INDUSTRI
2520 5Sm Street T" eeohone Telex Telefax
Hampton. Virginia 23661 (804) 838-8080 82-3646 i8w) 838-8905

TRANSMITTAL LETTER

FOR

CERTIFIED TEST REPORT

RE: ABB SERVICE CO. DATE: IT
2382 E. ARTESIA BLVD.
LONG BEACH, CA 90805 SHOP ORDER NO: 29020

ATTENTION: ROGER RATICAN

JOB NAME: TBA

CUSTOMER: ABB SERVICE CO P.O.NO: LS-01446-C

We are transmitting herewith four (4) copies of the Certified Test
Report for your records.

If you have any questions, please do not hesitate to contact me.

Sincere

•atty orris
Admin. Assist. Mkt.

ANI Ip B-66

,,, ,-... ~EB COR- tATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP



* E- NATIONAL INDUSTRI

CERTIFIED TEST REPORT

SHOP ORDER 02902-1 STYLE NO. 841500B110 TEST DATE 10-09-90

NOMINAL VOLTAGE: 12000 Delta / 480 Grd-Wye Three Phase 60 Her
Ir-A: !500/2000 CLASS: AA/FFA AVG WDG RISE: 75 DEG C.
INSULATION RATED AT 185 DEGREE C BIL (kv): HV- 95 LV-

CUSTOMER: ABB SERVICE CO. POO LS-01446-C
LONG BEACH, CA 90805

* • * * * • .

* KVA • NO LOAD * * TAP " LOAD * * TOTAL SERIES
• •LOSSES *% lex * LOSSES * % Z * RESISTANCE @ 95 C
• • 29 C * 29 C * * 95 C * 95 C * PRIMARY SECONDAR
• * (watts) * * (volts) * (watts) * * (ohms) (ohms)
********** ***************************** ****************************** ** *
• • * * * * * *

• 1500 * 3759 * 0.746 * 12000 • 9428 * 5.77 * 2.40637 * 0.00131

• APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO

• NHV LV * 400 HZ, 18 SEC. *
• (kv) (kv) * (volts)
************************************************************ ********* ****

• 34 4 * 960 • A/B 43.303
• * * C/A 43.289
• * * B/C 43.289

ANSI STANDARD IMPULSE TEST PERFORMED AT 95 KV BIL.

IMPEDANCE AND LOAD LOSSES AT TAPS:
(1-2) = 5.65% AND 9192 WATTS, (5-6) = 5.91% AND 9872 WITTS
PARTIAL DISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST PERFORMED AT 2.5 KV:
H-L = .235, H-G " .201 & L-G - .476

CERTIFICATION: .g /( ,

TEST TECHICIAN ----- ENGINEER 1.:-'4-,

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

AL It 9P B-67
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EB9A NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02902-1
STYLE NO. 841500B110
KVA 1500
TEST DATE OCTOBER 9, 1990

* TOP * %VOLTAGE v COIL 1 COIL2 COIL 3

:INCEPTION * 150 * 10 Pc * 40 Pc * 30 PC

:EXTINCTION * 110 0 pC 15 pc * 10 -C

********************************************************************. ******

'BOTTOM * %VOLTAGE • COIL 1 * CO:: 2 * COIL 3

*INCEPTION * 150 * 20 Pc * 40 PC * 20 Pc

'EXTINCTION * 110 ' 10 pc * 15 pc * 4 pc

Al lb lb -68
-s- I!1.go!. EC CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP



TRANSFORMER IMPULSE TEST REPORT
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EHB1-A NATIONAL INDUSTRI

CERTIFIED TEST REPORT

SHOP ORDER 02904-1 STYLE NO. 840500B050 TEST DATE 09-19-90

NOMINAL VOLTAGE: 12000 Delta / 480 Grd-Wye Three Phase 60 Hert:
K1,'A: 500/666 CLASS: AA/FFA AVG WDG RISE: 75 DEC C.
INSU7LATION RATED AT 185 DEGREE C BIL (kv): HV- 95 LV- 3(

CUSTOMER: ABB SERVICE CO. PO LS-01446-C
LONG BEACH, CA. 90805

* * * * * * *

* IXVA * NO LOAD* * TAP * LOAD * *TOTAL SERIES
* * LOSSES * % Iex * * LOSSES * % Z * RESISTANCE @ 95 C
* * 26 C * 26 C * 0 95 C * 95 C * PRIMARY SECONDARY
* * (watts) * * (volts) * (watts) * * (ohms) (ohms)
*********************************************************** ******** *******.
* • * * * * . .

* 500 * 2244 * 1.689 * 12000 * 4499 * 5.57 * 13.50484 * 0.004515
* * * * * * * *

**** ***********************************************************************

* APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO
* HV LV * 400 HZ, 18 SEC. *

* (kv) (kv) * (volts) *

* 34 4 * 960 * A/B 43.267
* * * C/A 43.253
* * * B/C 43.260

**************************************** **********************************

ANSI STANDARD IMPULSE TEST PERFORMED AT 95 KV BIL.

AA MEASURED TEMPERATURE RISE (C): HV - 66.6 LV - 54.0

IMPEDANCE AND LOAD LOSSES AT TAPS:
(1-2) = 5.51% AND 4344 WATTS, (5-6) = 5.73% = 4638 WATTS
PARTIAL DISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST PERFORMED AT 2.5 XV:
H-L = .186, H-G .182 & L-G = .677

CE-RTIFICAT.ION: /,/

TEST TECHNICIAN - I ,• " : ENGINEER . _

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

A1L I1t B-73
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EBA NATIONAL INDUSTR!
2520 set" StrOet Tea•rione Telex T" fax
mamrztor. Virginia 23661 (804) 836-8080 82-3646 1804) 838-8905

TRANSMI TTAL LETTER

FOR

CERTIFIED TEST REPORT

RE: ABB SERVICE CO. DATE: OCTj6 1990
2382 E. ARTESIA BLVD.
LONG BEACH, CA 90805 SHOP ORDER NO: 29040

ATTENTION: ROGER RATICAN

JOB NAME: TBA

CUSTOMER: ABB SERVICE CO P.O.NO: LS-01446-C

We are transmitting herewith four (4) copies of the Certified Test
Report for your records.

If you have any questions, please do not hesitate to contact me.

Sincere lyýý-

Patty Dorris
Admin. Assist. Mkt.

A N .B- 
74
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EBA NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02904-1
STYLE NO. 840500B050
KVA 500
TEST DATE OCTOBER 11, 1990

* TOP * %VOLTAGE * COIL1 * COIL2 * COIL3 3
************************ ********************************************** *****

* * * * *

*INCEPTION * 150 * pc * 5 pc * 15 pc

**.***************** ********************************************************

********* ********** *******************************************************w

* BOTTOM * % VOLTAGE * COIL I * COIL 2 * COIL 3
*** * ****** ** ** ******** *************** ******************* **************

*INCEPTION * 150 * 3 pc * 5 pc * 15 pc

*EXTINCTION * 110 * Opc * 5 pc * pc

Lk t lip B-75
"B'ERPEU,s,, -o..,c. = EBC•RPOATPQN -A MEMBE OF T•E ASEA PBO'.NN BOVERI GROU•



A 766' SENATIONAL INDUSTRI 8, 9:e-~ec MEJSD .
TXAMPORU kWC. e-ex EZ.3E.&G ETC -

TRANSFORMER IMPULSE TEST REPORT
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Appendix C

Operating and Maintenance Manuals
and Product Information
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August. 1985 Manual 7421-1
t~~•+4o Uira 147w I Dined *g ld f$. C~lem 1421t A.l ?422II

Instructions for Receiving, Installing

Operating and Maintaining

DRY TYPE
TRANSFORMERS

Do Not1 Jeck 0, Pull Enot

U". ftur Poll*, Sbld 0011192 AS Shotrn Yo
P,omn1 0wiv.ia"or of Bse, And Errefosur.

SQUARE ID COMPAY

C-3



DRY TYPE TRANSFORMERS iNSANUCL 721

2 SDUAMANUAL 7421-1
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INSTRUCTION DRY TYPE TRANSFORMERS
MANUAL 7421-1

Guide For The

Operation And Maintenance Of
Indoor Ventilated Dry Type Transformers

This instructlion manual covers erienra! recomimendat ions inl established2 lirni IS '%r I en nlieasored ric;a tile tranisfornmer
for tire ope ration and mrain tenance of dr.vp itrb nes ~ soial ilrqieaittouno 0 ui
tion and, power transformers. feet of air per m1,1inue Per kihrt ati or I: ansfcrrmner loss.

Thre areaj of -cmii tiiatri openings reutiired depends on tihe
Tire srtcccssful oprartion of thiese transforniers is driepe- hecigh1t of thle vault, the location of opcnings. arid tire
dent on) j'roper 11nst1alltor. loading~ anrd irt;1iriici131iCe 25 rria'arrui loads it, bc carried bv tire transformrrrrs. For
\kell as oni prormcr cLiCSiCri Widl iirarrnfauctr . As w'ith all self-cnokicd ( I i~rlii5 tile rmiiii':i,ý. eftecirve arca
elcctric i-tparatus. niirlect of ecriarn fundamienital rcqujirc- shoulld be at lreast onle squire loat C"c:r o! rlirct aurd otletic
IlteuS rlia\ lead to serious trouble, if not to thle loss of per 100 K\A of- rated tratisfurmrer capicit\ . alter deduc-
tire eq uipmnren For this reason. a wide distribu tioni of tiori of tire area, occupied I.,\ screens. prilr lipi s or louvers.
inifornmation i; regard to tire care of des type trarisfornirrs
is imiportant. arnd these brief instructions arc published for
triat purpose- Ventilated dry type tralrsforlmers should be instalied in

locations free fromt unusual dust Prroducirng mediums Or
Ini addition to thre use of this guide. the factory r-av, be chemical fumes. Tranlsform1ers should be located a, leas:
cmuirsulied for snecifilc recommenerdatlions on special coridi- I '_inchtes front walls or otheri rbstrwuctots thtat miight pre-
lions. Also reference rilia\ be made to other publications, vent free circnrlatirur of air thinruci anid around each unit.
somie of wkhich are listed in tire Appendix. Thc distanrce betwkeen adracent, traristormers should not, be

less iiran this value. Also. a,-cessibihr:\ fo-. mrainternance
- ~should be taken into account Ini lir~tirrE 2 transformecr. If

* 1. INSTALLATION thle transrormrne is to be located nea: coinbustibe mater-
rijs. tile nitniniurn senaratic'ns established b\ tile National

A. Location liectrical Code should bec n;riiniaitrc..

Factors whiclh should be kept clearls in mirnrd iii locatinge
L'\irsc tperrarrsforrmers are accessibility. veirtil ticirr arid
ar irrosnireric coinditioris. Tile traisforioei case is dirsirricr edto, prevent tI e entrance

of niost sla!: annuals arid foreign ob * ects. II loweVer r7
"Ven niaied ci r\ ty.pe I raurstoruners riorniahls are desirnred somec lozations. it mrr\ be riccessar' to gi~e consideration
for insiallation indoors inl dr\ locations. Tile\ will ope r- to additional prorection_
arle sr Ceess1Ui fully hee tire IrurIid its is rInhi but unider thits
conditrori i: ni a\ be necessary, to take precauti0ons to keep In gerrera!. a Fiat, level industrial floor is adequate and no
Hihuui drx j dif ti arec shut downi for appreciable periods, special preparatron is necessar\ because of tire base Coll-
Tins is d scussed m,,ore firll!\ under "Operation." Locations structiort use'd or: thesc iransformuers which coinnle tclx
ri here treCC is 671n , irrIg %A 3iCl shlould be avoided. 1f this is ellirninates tire cunipkicatd process of groutinug sills Iric
riot powbmre. Suiraole prolLtec;olr should2 be pro~ ided to concrecte Floors.
pre~c er:vaier from entering tire t ransforrmer case. Precau-
tions should be !zaker to, puard aainust accidentla, en trance If noise is a) fac:tor Ili thle locajtion arid operation of ain\
of %r are: such1 as iirith olccir froml an1 open, wkiindow. ba trarisfrrriiiers., so ~lcn eatnshOluld be Lwrenl to tile
breaký ill z \ ater or steamu hiinc o: fromt use of 'ý ater near imustalialtiou U! 1!ue clulpriileiit.
tire t raisfoririers Adcciuaie %cnii riiotr is essential for tire
proper coolnrE of transformrers Cleani dr,: air is de~irabhe . Theirrrr'ulseIsri er C!It:t Of these I rarisT orirci s is less thanl
Fritered 31.' rtIa\ recurceC irrainierrairce if tire locatijorn nr- that o' 1r1irdnr1:1~sd uS of tire stirire vnihiatr- clIass. P
se its 2 p~artiuular probleir Wii u transformers are urisiaf - tirere is an\ Ilr~c itnrooJ Oi!a aiirsi in mcis \sr i be e\p)osed
ed iii 'aol ms or othrer reszrictIcd spaces. su fficieri yen tila- to linhi iinw or sen e re ihur su i irs. aidequtar proteL-
tr01r shoculd bec promded to hold tire air tetilperatore with1- tive cynipnilenr should ire provided

-SQUARE ID COMCDANY ___________



DRY TYPE TRANSFORMERS INSTRUCTION
MANUAL 7421-1

Transformers of standard temperature rise are designed to reduce the nameplate rating b\y 0.3 ',c for each 330 feetS
oiperate at altitudes up to arid Including 33,00 feet. [)rv that tire altitude is above 3300 feet.
t.ý pc trinsfor urers zrc dependenrt upon air for dissipation
of their lici losses and] conseoricotil tile effect of de. 2. If thle transformer is a dry' ty'pe. forced air cooled,
crcase-d al, (!Ciisit\ doec to hloch anilt ndý is to incrcasr thle Class AAFA. icdtice lthe nameplate rating b\ C('5%
temperature rIlse. St:lndard tranisfoinrers call be used at for each 330 feel that thle altitude is above 3'300 feet.
ziliiudcs ~rycair thtan 2300 fcet if tile load to bc carried
is reduced beio~k nameplate rating as follou s 1f thre maximum 24 hour average temperature of tire cool-

ing air is reduced belowk design levels, tile altitude himila-
tiur, of 33ý00 feet can be safely. exceeded witiout reducing
the rrarireplate ratinge of tile transfonrmer within the himita-

If the trarrsforrner is dr\ ti.pc, Scl f-cooledi. Class AA. tiotis of tire table below.

Maximum 24-hour Average Temperature of Cooling Air, Degarees C

Altitude______1

3300 Feet 6600 Feet 9900 Feet 113200 Feet
Type of (1000 (2000 (3000 (4000

Apparatus Meters) Meters) Meters) Meters)
IDRY-TYPE CLASS

AA

80CC rise 30 26 28

115"CCrise 30 24 is81
150"C rist 30 221

DRY-TYPE CLASS
AA/FA
80' C rise 30 22 14 6

115"C rise 30 15 7 5
ISCC rise 30 15 0_____________

B. Inspection After making all the irecessar\ primary arid secondary*
connections the equipment shrould be thoroughl\ inspect-

Nev~ transformtrs should be inspected \4hen received for ed. Before placing in service.tile operation of fans. motors.
daniage during shipment Examination should be made be- thermal relays and other auxiliary- devices should be
fore remocving from cars or trucks arid if' any injury- is checked. All bolted connections which may have loosened
evideni or an% indication of rouei) L~andiine is visible. a in shipment must be tighitened before energizing. See
claim should be fined ui~ titlte carrier at once and thre torque listing belowv.
riallufacturer should o~c notifieC.

Stiirscuentl\ . covers o- rarrels slrou;J bte removed and an Reps nuts must be tightened to thme following torque.
i,:rerra: inspection nmadc for iniur'- or displacirrent of
pjirts. loosr or broker. connections. ýra~ked porcelain, dirn Size 1/4 - 20 torque 4.6 foot pouiids
or ltriclu' inaieri-L and fu, lthe precsc:.rc of free w~ater or Size 5! 16 - 18 torque 6-12" foot pounds
rrWroitr Crrec~tive mea~isure should be tak~er) Where rice- Size 3.r8 - 16 torque 15;-10 foot pouinds
essnr .% Sliipping braces shrould be remnoved if provided. Size l,'2 - 13, torque 25370 foot pounds

After, a r rarsforrirer is mioved. or if i: is stored be fore Do not over timjril.
installation, fluIrs itisr'ection slrouid be repeated before
placring tire tr ansformner inI scrvice.

4 SOUARE ID COMPANY



DR.Y TYPE TRtANSFURfvlih.)
MAtNJA-. 74,21-

C. Handirno S!1 Cauer't' 1101 C Irrc ~i elliourJ (IS ihct Ck s MUI' br IOll

ot s,.idocc. use fou, rofrer s~id do~lires. onc ncar cach inte-

L.2rr c-,, iC p 1'2W riiish'rmers are t'orrectl\ handied ns F-3 VitIng device, to prevent tipping and distortion of

"siwzrclo" Tilt, nictitod %il!11 r'rcventl damace to) tile base and enclosure.
Shee.: Im:J Cnj1WT cioUSME us C.-SOnabiC Care. These trants-

V1 arsCi:IS r UýIcd onT ;a heav\ . b Iase vroviocd \\hcri vcemilated 1-;ansformicrs are handled or stored ow.
I.i;ex.ii: iw, 6cviýces at seer In thc puiwi Tile\ door. ZIcý lislts Pt COMPt)JCiCI\ Proteccild za)aISI~ an1\ 1,

ri'ý! 6 ;fre~ old.\ fromnt II bLa se v U ~pfIflore cADbt CICIIICII weather w0 PreCvent ent::arcc ofra 13r? tlSrIooL
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DRY TYPE TRANSFORMERS INSTRUCTION
MANUAL 7471-1

0. Grounding of the transformer for enerpizinF or apphication of the
high potential test. THlE INSULATION RLSISIANCE

Tue case and core asscnrHl of thecsc transformer~s should TEST MUST BE SUCCLSSFULLY COMPLETED FOR
be prenuneniiii and adequateI\ Froullided. FACTORY WARRANTY TO BE VALID. INSULATION

RESISTANCE TEST MUST BE CONDUCTED ININ¶EOI-
2. TESTING ATELY PRIOR TO ENERGIZING THE TRANSFORM-

[F% OR BEGINNING 1THE DIELLCTRIC TEST.

A. Insulation Resistance - Required
AJl dry type unit substation transformers are given insula-

I GENERAL tion resistance tests atI the factIory- These values are
The insulation resistance test is of %alue for fiuture corm- recorded on a large n1egceT test tag, facsiniik~i shown

p~irative putposes and also for uelermrining the suitability belov~, attached to the transformer.

IMPORTANT READ CAREFULLY

FOR TRANSF:ORMER WARRANTY TO BE VALID, THE FOLLOWING MEGGER TESTS MUST BE
MADE. USING A MINIMUM OF A 1000 VOLT MEGGER, IMMEDIATELY PRIOR TO PLACING
THIS TRANSFORMER IN SERVICE. BEFORE USING MECGGER BE SURE TO DISCONNECT
LIGHTNING ARRESTERS, FAN SYSTEM, METERS, OR ANY LOW VOLTAGE CONTROL SYSTEM
THAT IS CONNECTED TO ANY WINDINGS INVOLVED IN THIS TEST. THE TABULATIONS
BELOW ARE VALUES OBTAINED ON THE FACTORY TEST FLOOR USING 1000 VOLT
INSTRUMENT WITH A 2000 MEGOHM SCALE. IF VALUES OBTAINED IN THE FIELD TES'S
ARE LESS THAN 1000 MEGOHM OR ONE-HALF THE FACTORY TEST VALUES LISTED BELOW
WHICHEVER IS THE LESSER, THEN THE TRANSFORMER !-lOULD NOT BE ENERGIZED UNTIL
IT IS DRIED OUT AS DESCRIBED IN THE INSTRUCTION MANUAL FOR DRYr TYPE TRANSFORMERS.

TRANSFORMER SERIAL NO.

DATE - .TEMP. ' C.____ - LOW VOLTAGE TO GRO. ME GS.

L.V. TO H.V.__ _MEGS., H.y. TO GRD._ -- __MEGS. BY - _ _

11 01 t-c- tar is lost 0, dcs: ro~ed . r fe- to the factory TO RE in degiecs Cerntgradc. rnust be either l.0010 rrep.
\khcerc j perin~ancw rezcrd of thesc test resul~s is kept on ohims or a minimnum, of one-hl~f or more Of the ValuCS

ii Cobtainced in the factor\ test UlT h InIt's Value is less than
1 .000 nicpwljInS. if the correzctd field2 test values arc less

Tue ic rki ritula:ioi rcs:s~anz-c tes: must be conduicted thain thie above ittitlliun. the transformer is eolis~dered
winiIi~mich prior i ncerg~.'xnc 0imc Iirnsformner. 1These II!nSjfe to ener~gize 31nd 111n5t ke dried Iusing poLCedureC
\j~uc!, CORRlI C'IED TO FACi ORY" TEST TEMPERA- described tinde~r xan131ICI~nCe.

6 SOUARE JD COMPANY
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2. TEST PROCEDURE (1 llihi voltage to ground

a If the transformer is not scheduled to be energired (2) Low voltage to ground

imniediatel\ , it is recommended that within one week (3) Ihgii voltage to lo- voltage

after receiving, heat be piaced under the transforenri to

Insure dryness for nierger est. f. Merger readings should be recorded along with test

Six 150 watt lamps placed under the transformicr: •o tetrpcrature (,C). If heat has been apphed to trans.

lamps under caih coil. one on each side of the core former. determine temperature of transfoTrmer at time

should be used for trantsformers rated "50 KVA and of test by placing: thernmorneter on top of transformer

bclo'L Use st. 300 watt L lips for transformers rated core and allowing time for thermonieter reading to

-5. to 2000 KVA. l -ca: should be supplied oil a con- stabilize. Using table onl page 6. determine correction

tinucus 24 hour pc. dj% basis. \entilating openlngs multiplier and multiply field test ntegrer readings to

shoilt be blocked duritt this period, obtain temperature corrected field test meggcr values.

b. Make sure transformer is clean using vacuum cleaner g. If corrected field test megrer valije- are less than

to insure removal of all foreign material that may one-half of factory test readings. t%-- ransfornir is

affect insulation resistance test values, not considered safe for energizing or performing di-
electric tests. Transformer should be dried as outlined

c. Disconnect ALL high voltage, low voltage and under maintenance section.

neutral connections, as well as lightning arresters, fan

sN stem, meters or any low voltage control system that h. If the corrected field test values are one-half or

is connected to any windings involved in this test. Do more of the factory readings or 1.000 megohms,

not disconnect ground connection to transformer whichever is less. the transformer is considered safe for

frame, conducting the dielectric test or energizing. Trans-
former connections should be remade and transformer
energized Jmnhnediatelb after compleiing insulation re-

T sistance test if dielectric test is not to be compieted.

TEMPERATURE CONTROL SYSTEM (IF FUR- B. Dielectric Test - Recommended

NISHIED) MUST BE COMPLETELY DISCONNECTED
DURING ANY TRANSFORMER TEST SUCH AS 1. GENERAL
MEGGLR. DIELECTRIC (Ill-POT). DOILE. ETC., The dielectric test imposes a stress on the insulation since
TO IRIEVENT DESTRUCTION OF TEMPERATURE tire dielectric test voltage is higher than the normal oper-

CONTROL CIRCUITRY. ating voltage. Tlie insulation resistance test must be suc-

d. Before beginning megger checks. umper together all cessfully completed immediately before performing the

high volrage connections. Make sure junipers are clear dielectric test to prevent tire possibility of transformer

of all stee* ind grounded parts. Also' Jumper togeter failure due to moisture. The dielectric test supplements
the megeer tests by determining the suitability of thea1. lo% v'v .:T and neutral connections again making

sure Jumpni.s are clear of all steel and grounded parts. transformer for opertion at rated voltage.

e. Usin a merger with a ninimuin scale of 2.000 Field test voltages should no, exceed 757c of factory test
meeoiims and nunirnum rating of 1.000 volts, make values. For routine periodic checks test voltage should be
niegrer checks with tire mneeer connected as follows 65% of factory test volitae. Tile high potential test set

(Note Each meteor check to be maintained for a pet- must be variable to allow - graduai increase of tes: voltage
iod of one minute.) from zero and gradual decrease after test is completed

SGUARE ID COMPANY
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INSTRUCTION DRY TYPE TRANSFORMERS

MANUAL, 7421-1

Ir ~ Foowing is a table showing factory dielectric test voltages wit' -ominended field and periodic test voltages relative to
the rated %oltage of the respective wiuidings.

Transformer Factory Recommended I Recommended
Witndina Rated Test Field Test Periodic Test

A.C. Voltaae A.C. Voitape A.C. Voltaae (75%) A.C. Voltage (65%)
1.2 KV &beiow 4 1KV 3.0 KV 2.6 1KV
24 KV 10 1KV 7.5 1KV 6.5 KV
4ý16 K1\V 12 K V 9.0 K V 7.8 K V
4.8 KV 12 1KV 9.0 1KV 7.8 1KV
6.9 1KV 19 1KV 14.25 K V 12.25 1KV
7.2 1KV 19 K V 14.25 1KV 12.35 1KV
E.32 1KV 19 1KV 14.25 1KV 12.35 KV

12.0 KV 31 KV 23.25 KV 20.15 1KV
1247 1KV 31 KV 23.25 1KV 20.15 1KV
1'z.2 1KV 31 KV 23.25 1KV 20.15 KV
13.8 1KV 31 1KV 23.25 1KV 20.15 K V

Under sonic conditions. transformers may be subjected to a periodic insulation test using direct voltage from kenotron
sets, In such cases, the test direct voltage should not exceed the original factory test rms alternating voltage; e.g., if the
factory test was 31 kilovolts root mean square (kV rms), then the routine test direct voltage should not exceed 31k%

TEST PROCEDURE 3. STORAGE

a. Transformer must successfully~ pass the Insulation Ventilated dry-type transformers preferably, should be
Resistance test immediate]), prior to sta-ting diciectric. stored in a warm dry location with uniform temperature.
tests. Ventilating openings should be covered to keep out dust.

If it is necessary to leave a transformer outdoors it should
t Recheck itemis c. d and e of insulation resistance test be thoroughly. protected to prevent moisture and foreign
to mnake sure transformer remains compleiely isoiaied material from entering. Condensation and the absorption
and itinipcrs are still connected, of moisture can be prevented or greatly reduced by the

immediate installation of space heaters or other small
cJuniper lo%% voltage windings to ground. electric hecaters. If more convenient, incandescent lamps

may be substituted for the space heaters. For transformer
d Connect uigh potential test between high voltage ratings 750 KVA three phase and below, use six 150 watt
wkinding and ground. Gradua~lk increase test voltage to lamps, above 750 KVA three phase, use six 300 watt
oesired value. Allow4 tes: voltage duration of one minute lamps or equivalent. Two lamps should be located under
after which gradually decrease voltage to zero, each coil, one on each side of the core. Lamps or heaters

should be kept 4 - 6 inchies from transformer coils and
c. Remove low voltage to ground 'iumper and connect should never be allowed to come in contac. with trans-
hic)1 potential test between io%% voltage wkinding and former coil insulation.
g '0u n Repea: test usins: proper test voltage for low
%ofhage %k ind .ing rated voltage.

4. MAINTENANCE
ir:'ts:s in items d and e do not produce failure Or

brea3kcrolt is. transforrite: is conisidered satisfactory and A. Periodic Inspection and Maintenance
rea0% to be energizcd.

Like other electric equipment. these transformt-rs reuinre
F. Rcnlwe all rumninrs and reconnect prinar% arid maintenance from timte to rimec to assure sucz..ful o:
s~cnndar\ eontncri ons. icirriming arresters, control ci:- tion, Inspection shtould be made a, regular . -rvals ~,iJ

-cults, etc.. that nra\ Irave been discunnectcd for test, corrective mecasures utr rim when ine,:essar\ to aSSUre the
Energize transformer inrrnrediatclv. most satisfactory Service fronm this equipment.

SQUARE D COM;:ANY
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Tile frcqtrecti. at % inchi these transformrers should be ill- stailation or after air extended shutdown under rclativelv
spected depends on operating conditions. For clean. dry hingh hunudidn conditions, one of tile following methods
locations anl inspection annualll . or vrie! a longer period. Iuia% be used:"
I.irra% be sufficient. Hokwever.. for other locations. such as 1L lha
mrra' be en countered whirci tire a1! IS C0n talininated %%fil Internal hecar
utiiS or. C'ieirical fulirrs. air irispceliotr 31 thirc or Sr' xera nditrnlha
mron th intre rals ina' be frequiretdl Usuially after thle first Etra rdienlha

few% Inspection periods a definite schedule canl be sct up licfore applingir an% of these nmethiods. free moisture
based oil the existingc conditions should be blow-n or wipled off of thle wuindinrgs to reduce
With the transformer de-enerc~zed, frowr and rea- access tile trime of the dry Ing period.
panels should be removed. Inspections should be made for
dirt. CspeC;21i% aCCUMu~lations on Insulating surfaces or I ) DHrying bý External I tear - External hex. mayj be ap-
for throse which rend to restrict air fo(,,. for loose coil- pldtutetrnomrbynefthflownmtos
ne-iiofls, for tihe condition of tap changers or terminal fildttlerasomrb\neftleolwngith s

boards and for the genieral condition of tile transformier. a. Bys directing hreated air into rtie bottom air inlets
Observation should be made for Signrs of overhteatinig arid of the- trainsformer case.
of voitape creepage over insulating surfaces as evidenced

by trckin or arbonzatin. b. Byv placing thre core and coil assemibly in a non-

flammable box with oprenirrgs at the top and bottoni
Evidence of rusting. corrosion and deterioration of thre throughr which treated air can be circulated.
parint should be checked, and corrective measures takein
'A~lere nCessary. c. By placing thre Core arid coil 2ssenribl\ inl a suit-

ably ventilated ovenr.
Fans, motors and othier auxiiiarv' devices should be in-
spected and serviced during these inspection periods. d. By placing incandescenrt latrrps in transfornmer en-

closure. See storage section for details.
B. Cleanrtirg

It is Importanrt that mrost of tire treated air be biown
If excessive accumulations of dirt are found on thre trains- throughi the winding ducts arid nor around tire sides. Good
formrer "'irdines or Iirsulators whren tire tranisforimer is inl- ven tilationr is essenrtial iii onrder t rat coirdeirsarion will nior

specred. tire dirt should be remrove-d to permirt free circula- tike ;rlace iii tile tratisfrrrrilln rtsel I or insidec tire case. A
tor: o' air and to guard against tire poissibilityv of rtrsria- stirftkicti r quanntit of air - ririlrJ he used ito as~urc ap~prom\r
iron brca~do-. ns. Particuiar attention~ should be given to rratei% equa! irrlct arid outlet temrperatures.

cieaning top and bottonr ends of winding assemiblies. arid
to cleaning out ventidatirrg ducts. ~\ýIrer using either of tire firs: two extertnal treating methr-

ods. treat nray be obtained by tire use of resistanrce grids or
Tire %kiridings nray\ be cleaned \kitir a v-acuum cleaner, a space treaters. These mray either be located Inside tire case
Holori . or Awithl co-rcrssed air. The use of a vacuunri or box o! nra' be placed outside and tire lieat blown into
ccirearr is prererred as the firs:, step in cleaning followed thle bortomt of tile case or box. Tire core and coi, assemrbly
t,. tire us,! o cormrr'essec, a:.- 0, nmropen Tire comrpressed should be carefully- protecied against direct radiation frorm
at, 0o iimci shoiu~d be ccicar. arid dr\ and should be tile healers.
arniied at a reiarriei irk pressreS~ (irror over 25 PSI) LeCad
so i t' orrs. tap carrcfrs i.-d tmirrna: boards, bushings arid 1: is reconmrmended that tire air termperarure should not ex-
othe-' rrilor rnisu;atirrc. sirlazes should be brushed or ced I10 *C.

wt- \%e it z; d -\ clo-J. Tire usc of licurd' cleaniers is on -
d bsr:3;i bauesonle 0" then1 112%C Z aSo!CnZ 01o dtereror- 1D'i: by Internal liear - Titis mrethrod requires volt -

ririg e (leer or: rros'. irvsu~a .ng naterials aUCS a11d cu-rrents wvid: nr2\ be difficir: to) obtain In: tire
field arid thierefore is rio: used as irequernik as e.m renta

C. 1),I ireL L,' Core arid; CoYAser. dI
Tire t ranisformier should be loardto ahloy, free circula-

W~irer: it is ir~cessa'' to d-.\ ou: a r :jisrornrer bc-fore inl tion of' air through tire coils froir tire bttolom tIre fltlopl

10 SEDUARE 0 COMPANY __________
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of the case. One winding should be short-circuited, and in the interior of the insulation is working out through the

sufficient voltage at normal frequency should be applied initially dried portions. A curve with time as abscissa and
to the other winding to circulate approximately nornral resistance as ordinate should be plotted and rle run
current. should be continued until the resistance levels o. and re-

mains relatively constant for three to four hours.

It is recommended that the winding temperature not be

allowed to exceed lO•C.as measured by resistance or by" Insulation resistance measurements should be taken for
tlhernmometers placed in the ducts betwecn the windings. each winding to ground with all windings grounded except

Tire uermometers used should be of the spirit type be- the one being tested. Before taking insulation resistance
cause mercury thermnomciers pvc erroneous readings due measurements the current should be interrupted and tile
to the generation of heal in the nrercury as a result of winding should be short-circuited and grounded for at
viduced edd% currents. Tile end terminals of the windings least one minute to drain off any static charge. All read-
(and riot tihe taps) must be used in order to circulate cur- ings should be for the same time of application of tile test
rent through the entire winding. Proper precaution should voltage, preferably one minute.
be taker, to protect the operator from dangerous voltages.

E. Cautions
Dr ing b% External and Internal I leat - This is a com-

binatiur; of the two methods previously described, and is Constant attend.:ce during the drying process is desirable.
by far tile quickest method. The transformer core and coil It is advisable to have a suitable fire extinguisher conven-
assembly should be piaced in a nonflammable box. or ient for use in the event of an emergency.
kept in its ovn case if suitable, and external heat applied
as aescribed in the first method, and current circulated 5. OPERATION
througi the windings as described in the second method.
Tile current required will be considerably less than when A. Removal of Covers over Openings
no external heating is used but should be sufficient to pro-

"* duce tire desireo :emperature of tile windings. It is recom- Covers over openings in the transformer case must not be
mended that the temperatures attained not exceed those removed whllc the transformer is energzed.
stated in tile foregoing.

B. Effect of Humidity

D. Use of Insulation Resistance for Determining Drying

Time As long as the transformer is energized humidity condi-
tions are relatively unimportant. In the even, that a dry

DrYint tune depends on tire condition of the transformer, type transformer is de-energized and aliowe` to cool to
size. %olhage. amount of moisture absorbed, and the mieth- ambient temperature. consideration must be given to the
od of d-\ ng used. possible effects of humidity.

Tile measurement of insulation resistance is of value in If the shutdown period occur! during low humidity con-
dcterninirnF the status of d"\ying. Nleasurenents should be ditions no special precautions should be required before
taker, b.fore starting tile drying process and a, two.hour enerpzng the unit.
lte,%air durting dr•ying. Tile initial value, if taken at ordin-
ar\ remrcratn-res, may be high even though the insulation Experience indicates tha' if a shutdowr. exceeding 24

i.ru no: be dr. Because insulation resistance varies in- hours occurs during a period of high humidity, rarticular-
'ersel. wi:,h teniperature. tire transformer temperature Iv, if atmospheric conditions are such as to cause conden-
should be kept approximatel. constant during the dryurg sation within the housing. ther, precautions should be
period to obtain cormrpara:iie readcings. As the transtormer taken. Sinall strip heaters inray be placed in tile bottom of
is heated, tire presence of moisture will be evident by tire tire unit shortly after shutdown to maintain tre reteimera-
rapid drop in resistance measurement. Following tlts per- ture of tire unit a fe\ derrees above that of tire outside
rod the insulation resistance uil, generally increase gradu- air. If such precaution has not been taken then the unit
all unthi near tile end of tire dryinF period when it mill should be inspected for evidence of nmoisture. arid insua-

- increase more rapidl]. Sometimes it \ ill rise and fali tItn resistance should be checked. If there is evid"nce (if
through a short range before steadying because moisture moisture or if the insulation res:stance is io\v . tire trans-

SQDUARE ID CO•1•ANY
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furie siuL~be dried out b% one o& tie methods de- Cliznge tap iumpcr on each niiase I til loir cur ICC!
Scrie dcoflhIctioi, Tap imrinci Ilrust be oil tile Saint lap posi-

tion or, all pi~asos.

C Top ClarilpiiW 4. Tar, jurmper wrus! be insalilic oil upper side of cm'ilalp

Alier Installation. thle Oul- vn ollacc o! [lie tranflsnrmie, % 1 Iti bs or. ends Of c;able lap, IluiperS prisitined It"

should bc ClICiccid 31 Smnile saeJ1C ccss pirir kill tle load mia\lirrui e~cic~irca clearanrce froiri ground and other

Never at temp, to CiICCK tile ott nt rlzagc it tilie Ial live partsý be sure bolts arle tighteneid.
Iturier Sinice dangecrous Iiicir volla~c rra' t4 present %Awthl- 5.kp3 fotacspne,
Ir tile trairsfor nic enclosure.5.epaefotaespnl.

6 iirclL17c I rairsfrriier and recheckl thre our put vkolt;iFC.
Wheltile11 out put 0i load side oul tace requoires adiustmietirt 6
Cliler up or duwil. tlie prVcrerltaCC lar iiirrrers Iiooninl on
tlre front surface oft te coilý irust oc cliairCLd InI all phrases,
(See pirat oir frornt cover of Ibis bulletin for tap apr'eai- APPENDIX
wnceIc. O I 71s! tile Iranisfornii r dijairrilat ic nanreplateI fo,
Iii torrilatiolr on w hat tap must be used lo ColleCt for hrigh
or low% Incomngr ]tlne voltage or for %olag- drop in 111C
ou1.pu1.1 or load voltage due to lung wkiruin runs. Note that REFERENCES-
k lien (Ilie load nol taee IS iooý% lap cuuiireclioiis belok 1007r

irf line voltwel: must be used 10, raise tilie load vultace. If American Standard for Transformers. Reguilators and
tile ioad %ol taee is hriid. tap connections above lO00?1 of Reactors. C57.1-2.01. C57.1'.50. C;7.1:-; and
lnrc voltage must be used to lowe.-r tire load vultagte. CY..9

- i\r- type Transformers for Gieca] Applications.
After tlIr correct tap conrnection has beenr determined N EM A Pub No. STO.j 197'-
lrorr th! liarrcpialte this procedure sirould be followed to
charlie taps, ., Comrmnercial. Institutional and Industrial Dr \-!pc

Transforimers, NENIA Pub. Ne. TR?7-19Lu5.
1, Dc-enerpzie transformer. Ktake sure Ihici is no back

tced frLrIT1 iO~k ',ol;gC Ile breaCrKI 4. Nanoiora! Elecl:rical Ck)L!C.NIVA No.70. ANSI Cl-I 9 1.

Kme ro\e front actess parreis frorri ranrsforirer, enclosui r 5. Naitionia! h11cti\ca! S~lerl\ Cod-. ANSI C>1:.Iq

BOLT TIGHTNESS FOR BUS CONNECTIONS
FOR HARDWARE SHIPPED WITH TRANSFORMER

I Toroue in Foot Poundi
So t Material for Boft Diameter

.25-20 .31-18 1 .36-16 .50-13

Grade IIS2 i

Heat Treated Steel 4-6 6£12 i 15 20 25.30

12 SOIJARE D COMPANY
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Ni - The Square 1) Model 85A "LIFE-(;.AM)V" Fan Control System is
state-of-the-art instrumentation that protects the transformer and adds up to

"' ' '' 33-/3'A.reserve capacity.
This systemn provides precision control through the use of three high

- accuracy thermistor typ temperature sensors, one installed in an air duct
of each phase coil of a t~ransformer.
Internal coil temperatures are transmitted by these sensors to a
microprocessor which is programmed to provide a digital display of

* temperature in degrees Celsius and the correpondig coil number.
Digital Display

-Thie digital LED display range Is from 24'C to 25,5'C in F*C increments-.
-- Characters are 0.56" high and clearly legible under all lighting conditions.

-. The Model 8A provides a choice of either-.
* ~~A. Continuous scnigof the three sensors with a three

__ ~ ~ psecond display period for each coil temperature and
- - p 00 corresponding coil number.

- B. Digital disI play of the temperature and number of the
. . .. . . .hottest coil only.

____ .~p ~For each display mode, two additional options are available:
I 1. Continuous temperature display.

Taw-* osoinemts*~--
inspection of conWo uM it mu 2. Display only when the -Read/Reset" or the "Read

expoureto~hgh o~taes~~,~Memory Max- switch panels are pressed.
Foralldislaymodes, the highest temperature reached by any coil in any'

previous interval will be displayed for three seconds when the -Read
WMemory Max" switch panel is pressed. Ths temperature will be cancelled

and replaced by the immediate maximum temperature when both -Read!
Reset" and "Read Memory Max- switch panels are pressed simultaneously.
Thereafter. any succeeding higher temperature will be retained in memory

____ for later recall.
_P" Control Mode Light Panels

Three LED) panels are provided to Indicate control mode conditions. When
__ the green panel islighted. it indicates that the control module is energized.

Similarly, the lighted yellow panel indicates that the fan circuit is energized.
-, - A lighted red panel indicates that one or more coils are above normal

P. temperature and the alarm horn will sound.
cmnedion on rear of onr If a temperature of 220'C** is detected by one of the sensors, the control

will iniitiate the emergency shutdown mode. Permanent insulation damage
..- ~.. ~-a~-v ill occur above this maximum insulation system temperature. At this

~wd efeenc: ASI Sandrd 57.2.5 point_ the Red LED panel Dlashes and three dashes
Refeera ce------- SIi, SetaPontar C57.12.51 cv replace the temperature numbers.

TRatedAorager -iic Se Point __----- Shcdw Actual shutdown or other function can be
Temperature Fans Fans Alarm Alarm Emergenc'v Cast Resin accomplished by means of an optional. accessory

Rise* On Off On Off Shutdown Transfor-mer-. relay.
soYc no'C 104 C 1'5'C '. 2 220'C :S.7,C Fan Mode Control and Indicators

14C L5'C I.~ C, itWC 1,5IC 22o C 2;c Selection of two modes of fan operation is provided
15C C 1sWfC 170'C 19.;C 19"'C .220*C -by the "Fan Mode- switch panel. When this

or NEtAL and A\S standard-. of Y)~ C averarre and 4(WC maximum amhient 1(,r an% switch panel is depresse.tefnmdma'b
n u,' Wn:gtal- Ttih,p o~r d,,-wuaý ic~te ~7Lwraa, 'iRE changed from manual to auto or vice versa. In the

W7SFPT tfempeacr.res not in, .A Ek-GtmraiY rrLrp auto mode, the fans are turned on and off
rm'0rear130 Th offlf,,.IlMri('ark, 00r esfahrc r ,o'o' ard il ,,oero1. Go 20 r antle. r! automnatically at specifie%. prog-anii-ied tEmpcrature
\Flfr aar&'e ANS51 standards Perntir a 3WC ntaxima.., difir"-.,ga hvtu-0e. are'ai.- .e;d hot spo' set points. In the manual mode. the fans operate
emetuwIrar~rs Trnete.0 tn0 dipirt. "iA~s'a wutid iad~catr app iatmotrA, 2' 3 C * 't continuoush-. totally independent of all temperature
;2r~ toasrnte sal .%o-aramunc h o ar trnptir lii olirisito 1-ti set points. The selected fan mode is indicated by

___ one of the LEI~s in the "Fan Mlode" switch panel.
High Temperature Alarm

Ifte operating temperature of the transformer coils increases to the
- programmed "alarm" set point, the red LED indicator and the alarm horn

Mar. are activated, thus warning that the maximum designed temperature rise
1&;C for Cas Resir Tra.nsiormre-r'

Dad~d ObalftCwwflFA~tW__ _-_19l- %ýuar,. 1) Ceemparo,
uFL-GAI), i'a Rgister-d Trademarki of Square 1) Comtjan,



&has occtinTCe (8O'C. I IF)" or IFA)U. lliis tenilier-altre is withinl theTYPICAL maxidmrn temperalture rat ing of thle insulation system. and the tra nsformer
IN TA L 71 N may continue to operate. Ilie alann horn may be silenced by briefly

depressing (lhe -Alarm Silence� switch p~anel. 'I'1w red LED) panel,
however, will remain lighted until fihe transformier temiperature dlecreases
to thie programmied "Alarin Orr' et point. Thle LEDl panel is then de(-
energizedl and thle silencer relay is automiatically rcset.
Control Sequence
'Pie M'odel 85A Fan Control System provides switching at three levels of
transforiner temperature. ur1is switching is Jpre-set prior to shipurent bas( i
on the maximum rating or Ihw insuilation system and the designecd
temrperature nise of the transformier I5W)C, 1 15^C or 80'C rise.

At the first switching level, cooling fanls are automatically switched oil and
off at the temperatuire set points to maintain the winding temperatuire we~l

i within thle design limits.
At the second level, thre alarm sct po~int temperattine is reached and the-

alir circuit is energized, operating a visual and audible alarn. 'Ifis
indlicates that the transfornmer has reachedl a tempferature that is nrot more
than W' higher than the designedl average winding temperature rise based
onl a 40'C maximum ambient.
If kept %%ithin the IIIaxiintimil teniperatuire rating of thec insulation system
(220'C* *), the transformer may contiune to oix-ratc.
A thIi rd level ojierat 's whe i( c n0i xmxi amnit em )cier;Lt ti rat in g (22()- * * 1!
the insulation systemi is reached. 'Illis energizes the Emergency Shutidown
(F'.S.) curctiit. 'Nirs circuiat c-an be u~sedl for a remote alarmi or to
automatically drop transformner load and] prevent damiage to the
transformer insulation.

od 'The Model 85A F~an Control System provides two sets of auxiliary Form
"C' i'elav clt.'ad~Ws'. ot)1 -,(' swiHiIV6t by the fan control circuit and ow,
switchied by the alannl control circuit. Tlerminals foni- t hcese contacts are
iocated onl the rear panel of the control.
'11w output for thle emergency shutdown function is 6iV D).C. at 3(X) MJA
maximum to power anl optional external relay. Terminals for this outputt)
are also located on thie rear parwl of the control.
System Test
limhe Model K5A Fan Control System also incorporates, a programmecd
system) tet to ictionl which is Iniitiatedl wheni the "SystemI T'est" sOtchl paincI
is "Ipr'sl Each of the various indicators anr(l each segment of thre
numerical dlisplays are testedl in sequence. Wfle uipper left segments, of the.
Coil and~ teoriperatlure (displays, are not act'ive anl are not lighlted (diring the
test sequence.
D~uring tire test sequence. the fans, operate briefly, Ilire alarmi horn is also
testedl at the end of the sequence and the Elmergerwy Shutdown is not
activated.

Remote Indication and Control
In addition to providing control and readlout functions when installed in1 a
transformer, tihe Model 85A Fan Control Systein has the capability of
providing complete readIout and control at aI remiote location. One controln
mio(ule with temtwraltire sensors is nlounited in the traiisforiner enclosure
and is designated as the "Master". A second identical control without
tempeirature probeCs is dlesignatedl as the "Slave" for installation remote
from the tr-ansformier. By means of an IE'EE RS-'122 two-,Aire
coninrumnication link, the tcmix'riatirre mray be mronitoredl and all functions
controlled at a remote location.
Similarly, an installation with multiple transforniers may be monitored andl
controlledl froin a single suipervisory station or by aI complluter.

I .wr i.a' g~a Hr.k~viA r~I i ndc,1ark 4 *tif an' P 0,m.1,,1 n
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Fail-Safe Features
T7he Model 85A F-an Control System is capable of determiining a shorted
sensor condition. 11 A~ili also (fetedt a possible open senso~r. When two
probes, read a tenmperature abo~ve 25-C and~ one reads, a temperatulre of
25"C or les-,- the latter %%ill be detennijed open. Whien eithcr a shortedl or
opxti senisor is idlettificff. tlic temipera.ttirv display %%ill indicate three dlashes
(instead of I1uIIK'flis) 'Aitl ihlec COlTeSpoNlding coil number.
I-or systems having a Sliave Model 85A Fanl Control System for remote
control and moniorritnc. failuire of tlhe Master control at the( transfoprmer will
causeý all coil and temi-rattirie readouts of the renu ie Control to 1)- dlashes
and the alarni 1+1I) panel will flash everv 20" seonds as the reniote cuntiroI
attempts to reset to normal communication with the Miaster control.
Typical Specifications
Provide a Square 1) IIFE-GARD ) Model 85A. solid state. Fall Control
System with factory prt-seýt. three level switching to aintaith wIndn
temperature within the design limits (luring fan-cooled operation. For
three phase transffoflx-r',. Ilhe system shall consist of threc 1,czh-accriracy
thermistor sensors in,4flecl directly in the low voltage air ducts of each
transformer coril to cont -mrusly monitor thle internal coil temperature. 'lire
sequtence of ope-ration - hiall be as followsý: If the temiperature rise's to thre
normial. self-cooled (AA) rating, a relay is activated to start thle fanls.
Should thle ternperatorl' COntinlue 1o rise to the next pre-q.-t point. a second
relay operates to dlo-- 'he circonil for an audible alarm and a red warning
light. If tIre tireau-rises Ito thc tn~ixiittt rated temperalture of tIre
insulation system, a third circuit is activatedl. It may be' used for anl
emergency shuttdown. cr remnote trouble Indication.
11we control module --hall be a *clraw-out- designi peniilting inspection of

hie control unit %withol,u vxposuire to highi voltages.
11wi system contridol' ii-inle shall have a memnbrane front lano I withI
switches, to provide ý% -ý,m Icqitst, fanl rwlole '4.t cion arnd alarri silenicing
Fup~ction Indicators bvia LEDII bar,,. G(4_o'-n for 1 'o wer ()n", Anmber for
"Faris Oil" aid Red for -1 ligh Temperalture".
11wl "Systeml Test- switrh shall initiate a test sequ ence which will allo w
verification that all control functions and( numeric read-out segments are
operational.
'lire "Fan Mode- swik ii. with built-in Il-J) mode indic-itors. s1-1l provide
select~ion of manual or automiatic fan control miodesý.
'Hicw "Alanrin Sience& sr-idr shall silence thle soValarmi. but allo w thIe Red
ILEDI bar to remain "0OK mntil the tenlixrature decreases to nominal.
'11wi systom control m~whlme ;hall provide a (ligital read-out of transfornrre
coil temperature mnd nuimcric coil identification.
flire system control m'wlulf, shall have a memory mode for retenitioin of the
maximum attained temrw'rature (liling any prior interval withi recall to
occur when the "Rcw,' '.tniorv Naxx" -witch is precs('(.
Minintmuimnmeral hifiwfit shall be 0.5 inch.
11wi system contro l mori'i -,' hall bx, capable of fitnut ioningi a; tIl-
tnrmsfornwr (Master (. 'ntrol) oir at a remiote local ion (Slave ( nitmiro, rising~
an Rl-'422 comimunicaiY in link to providf- fill coot rol and read-. ni at bohot
locations.
11wi systefli control m'voiiule shall provide l~ail-.-%fe- indication of bo~th
qhorledl andl oplen sn
Multiple cooling fan-, anv to be installed at tIle hotll tornfi each coil. fr' in!
andl rear, with a minimum of six for thr-ee phase, and four for single phase
transfomniers.
N(1?F P-a'w ,,itap, m-,v .,b'- i~ ý Mmt' ~Vv)-i V ".,'- m~a% hý- wd f fm-c v ni- aWIN a f~
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Wiring diagrams Mode 85A NasL.i.r CmMODEL'lFatirolntrol
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MODE 85For more information, contact your local
Fan CWJFO1Square D Sales Office.
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Transformers Ventilated Dry

"THE INFORMATION HEREIN IS BELIEVED TO BE Handling
ACCURATE AND RELIABLE. HOWEVER, NATIONAL
INDUSTRI ASSUMES NO RESPONSIBILITY FOR ITS Nationa! Industri transformers are designed with
USE OR MISUSE AND CAUTIONS THE READER TO provisions for lifting, jackirg or rolling. These
EXERCISE CAUTION IN THE INSTALLATION AND provisions wil; vary in detail, depending upon the
MAINTENANCE OF THE PRODUCTS DESCRIBED weight, size and mechanical configuration of the unt
HEREIN."

General Enclosed transformers with lifting lugs on the
This manual addresses general considerations for the enclosure may be lifted with approoriate slings or
operation and maintenance of dry-type distribution chains Larger units will have provisions for lifting
and power transformers from the base frame or from the top core clamps.

Units lifted from the top core clamps will usually
The successful operation of these transformers is require that the top cover or part of the cover be
dependent on proper installation, loading and mainte- removed.
nance, as well as proper desigr, and manufacture Dry
type transformers require little maintenance as
compared to other types of transformers, but appropri-
ate attention will ensure their expected service life Caution: Dry type transformers should be maintained
Conditions of operation will determine the extent of in an upright position when being moved. No attempt
maintenance required A periodic inspection program to handle a transformer in any other position stould
should be established to monitor the effects of the be made without first contacting the manufacturer,
operating conditions on the transformers.

In addition to this guide, the manufacturer should be
consulted for recommecations on special conditions. Because of their high center of gravity, dry type

Portions of the following information are re-printed transformers are subject to tipping over during
from ANSI Appendix C57.94 Guide for Installation and handling. Reasonable care during handling will
Mjintenance of Dry-Type Transformers. prevent equipment damage and/or personnel injury.

When provisions are supplied for lifting larger units
Warning: Lethal Voltages will be present inside all from the base frame, lifting slings, chains, or cables
transformer enc/osures and at all connection points, should be used with spreaders to avoid damage to the
Installation and maintenance should be performed enclosure. The core and coil must also be bolted to
only bv personne/ qualified and experienced in high the base frame and anti-swaý bracing provided.
voltage equipment De-energize the transformer before
performing any, maintenance or service work. Core and coil units should be lifted using only the

lifting devices provided on the core clamps. Care
should be taken to prevent damage to bus work.
wiring and termination assemblies during lifting. When
lifting, increase tension gradually. do not jerk, jar, or

Receiving otherwise move the transformer abruptly.

Inspection
When received, new transformers should be inspected If the transformer cannot be lifted by a crane. it can be
for damage during shipment skidded or moved on rollers Care should be taken not
Examinaior, should te mace before removing them to damage the base or tip it over When rollers are
from cars or trucks, anc. if any injury is evioent or any used. skids should be used to distribote the stress over
in•ication of rc gl, handlin is vwsole. a claim snouil the base
be fieC witn the carrier al once and the manufacturer
notifeC Suoseluently, covers or panels should be Large enclosed units with base frame type enclo-
removed anc an internal inspection made for damage sures. may be jacked using the base frame angles The
or displacement of parts loose or broken connections, transformers shouIC' be jacked evenly on all four
d:rt or foreign material, and for tIe presence of water corners to prevent warping or tipping over.
or moisture If the transformer is moved or if it is
stored before installation. this inspection should te
repeated before placing the transtormer in service. Care must always be taken to prevent any foreign
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Transformers Ventilated Dry

Installation should be provided to prevent water from entering the

Handling (Continued) transformer case Precautions should bp -!Ken to
guard against accidental entrance of wa such as

material from falling into or onto the coils Hardware, might be obtained from an open window. by a break in

connecting parts, tools, or any foreign material should a water or steam line, or from use of water near the

not be allowed on top of the core and coil assembly. transformers.

Foreign material lodged in a coil duct can cause
eiectrical failure or overheating. Caution: Adequate ventilation must be provided for

NOTE: All lifting devices and shipping braces painted red Dry Type Air-Cooled Transformers.

must be removed before energizing the transformer. Adequate ventilation is essential for the proper cool-
Installation ing of these transformers. Clean dry air is desirable.

Location Filtered air may reduce maintenance it the location

Major factors to be considered when locating dry type presents a particular problem. When transformers are

transformers are. personnel safety, accessibility, installed in vaults or other restricted spaces. sufficient

ventilation, atmospheric conditions, and sound level ventilation should be provided to hold the a -

temperature within established limits when - -.asured
When planning the installation, a location should be near the transformer inlets. This usually will ;equire
selected that will comply with all safety codes and will approximately 100 cubic feet of air per minute per
not interfere with the normal movement of personnel. kilowatt of transformer loss. The area of ventilation
equipment, and material. The location should not openings required depends on the height of the vault,
expose the transformers to possible damage from the location of openings. and the maximum loads to
cranes. trucks, or moving equipment. It should be be carried ýy the transformers. "or self-cooled trans-
remembered that a dent in the enclosure may reduce formers, tne required effective areas should be at least
the insulation clearances to an unsafe level, one square foot each of inlet and outlet per 100 KVA

As an added safety precaution, thought should be of rated transformer capacity, after deduction of the

given to the possibility of personnel inserting rods. area occupied by screen, gratings, or louvers.

wire, etc. through the ventilation openings of the Ventilated open wound dry type transformers should
enclosure and thus. coming into contact with live be installed in locations free from unusual dust or
parts. Transformer ventilation openings are designed chemical fumes. Transformers should be located at
in accordance with NEMA standards which require least 12 inches away from walls and other obstructions
that a '4" diameter rod cannot be inserted through the that might prevent free circulation of air through and
ventilation openings. around each unit. unless the unit is designed for wall

The installation will be simplified if an outline cirawing mounting and installed per factory recommendations.

is requested. By studying the overall, r,- -ting, and The distance between adjacent transformers Should be

terminal dimensions, it is possible to p :ne not less than this value. Also, accessibility for

installation with an orderly arrangement jf maintenance should be taken into account before

connections. locating the transformer If the transformer is to be
located near combustible materials, the minimum

Core and coil units (without case) usually have separations established by the National Electrical
mounting and terminal dimensions to suit the cus- Code should be maintained.
tomer's enclosure. That enclosure shoulC nove pro-
tection to the coils and have adequate clezances and The transformer case • designed to prevent the
sufficient ventilation openings. The manu*lacturer entrance of most smi :nimals ^hd foreign objects

should always be consulted to determine these re- Howeve" - some locations, it may be necessary to

quirements. give cons .,eration to additonal protection.

Ventilated dry type transformers can be designed for
installation indoors or Outdoors. They will coerate Sound Level
successfully where the humidity is high, but under this Soecial consideration should be given to the installa-
condition it may be necessary to take precautions to

keepthe Cryit ney re hut ownfor xtededtion o! any transformer if noise is a factor in its loca-
keep them dry if tney are shut dlOWn for extended

pe sFor locations where severe atmospheric tion and operation. Many locations can result in an
oeriods Fr I atons whresere atmos ast amolification of the sound level For example, if the

condtions prevail. National Industris Vacuum Cast transformer is installed in a quiet hallway, a definite
Coil transformers are recommended hum will be noticed. If the unit is installed in a location

it shares with other equipment such as motors, pumps

Locations where there is dripping water should be or compressors, the transformer hum will probably go
avoided. If this is not possible, suitable protection unnoticed.
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Transformers Ventilated Dry

snoulc be chiec:ed for proper use of hardware it e
Installation Belleville wasners on aluminum terminals, proper

Sound Level (Continued) clearances and proper torque)

The transformer is designed to produce a minimum

sounc level when tne followina directions are followed Check again to insure that all low voltage and high

A Connections to pr-rr,ary and secondary terminals voltage connections correspond to the connection

made with flexible connectors diagram

B Ali transi! bolts and snipping braces removed so unit
wil. float on rubber isolation pads. these bolts and Grounding
parts are painted red for easy identification

C All enclosure hardware tightened so panels do not
viDrale The case and core and coil assembly of these trans-

formers should be permanently and adequately
grounded

Inspection

Once the transformer has been located at its Grounding is necessary to remove static charges thal

permanent site, a thorough final inspection should be accumulate It is also needed as a protection should the

made before any necessary assembly is accomplished transformer windings accidently come in contact with tne

and the unit is energized core or enclosure. Be sure that the flexible grounding
jumper between the core and coil assembly and case is

Careful examination should be made to ensure thal all intact, or that the core and coil assembly is directly
external electrical connections have been made grounded from the core clamp through a flexible lead.
properly and that the correct ratio exists between low Insure that grounding or bonding meets N E.C and local
voltage and hign voltage windings To test this. apply codes.
a low voltage (240V or 480V) to the high voltage
winding and measure the output at the low voltage To insure a solid core ground, transformers have a

winding copper strap embedded in the core laminations and
securely connected to the core clamrp.

All control circuits, if any should be Checked for
operational abiilty Furthermore. they snould be able Connectons
tc withstand a 1200 volt applied insulatior, test for one
minute (if the transformer has current transformer Make only those connections specified by the name-
circuits, they should be s,.ied). plate or connection diagram. check all tap jumpers for

The operation of fans, motors thermal relays, and prober location and tightness. and re-tighten all
aluminum cable retaining screws after the first 30 daysother auxiliary devices Should be checked Fan .

rotation should be visually vrified as well as by sece

checking any indicator lights (Reference Fan Control
Operation i This transformer has been designed and built to

As prescribec by NEMA szandarcs. trans- provide proper electrical connections using either
to'mers are shipoec w:trl 0oth nhgn and low copper or aluminum connecting cable A protective

voltage windings connected to' their hlgnest p!ating or compound which prevents surface oxida-

ratec voltape 'exce, transformers whichtion of the terminals was applied at the factory This

have tao.s above the ratec voltace in wich coatinag Should not be removed from tap or line term-

case they wil! be sPhipDeC connected for na,s It in the case ol protective combounds it
becomes necessary to re-apply it. clean all contactr,a ec voltaces i The internal connections

should Le chiecoec wit) tie diacram or, the surtaces of oxide and re-coat with a good quality com-
'ar,'eolale tO Make Sure Irn.a.* Ine c317- pound, following the manufacturers instructions

h7eclio'7s are correc., The *ac se.-:: shouic Many kinds are commercially available Some of t'Pem

a~sc ye yen fed for :r-,e vrover volraae. anc arp r-enetrox A. Alnox-UG. and Thomas & Betts 1059

t`n72, te, Setqc' is v: srme t, all co''s When re-coating. wipe off any excessive compound

Depending upon KVA rating, this transformer may
A'commenced lrhal abeecheckeds:'or cintiou' to isnhave flexible leads with bolted type wire terminals.
recommended tha' a megge, tes: be perioruned to Cu Al lug connectors or simply termination pads for

make certain that no windings are grounded wnicn are mounting of your own crimp type or luc type term,-

not intended to be grounoec nations The tables below show typical torque values

See "Testing" for additonal tests Shipping braces for installing bolted wire connectors and cables in lug

Snould be removed itf oresent All cable connections type connectors Check specific recommendations ol
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Transformers Ventilated Dry

Grounding case less tian 2 megohms total may be a satisfactory

Connections (Continued) value of insulation resistance for the applca!,on of the
high-potential test

In addition to the insulation resistance and high-
connector or lug manufacturer. potential dielectric tests, The following tests may be

made if desired
Boiled Wire Connectors Lug Type Connectors A Ratio tests for the full windings and all tap positions

B Resistance measurements of windings
Torque Wire Size Torque

Bolt Size Inch Pounds (Average) Inch Pounds C Polarity or phase relation

• -20 70 alA to u8 70

16-18 120 84 to X4 100 It is preferable that these tests. if planned ne maoe

,- 16 225 03 to si 120 before applying the dielectric tests
13 480 1'0 to 2'0 150

3 0 to 200 MCM 210
250 to 400 MCM 260 Operation
500 to 75C MCM 300

Placing in Service

Note: Tighten. wait several seconds. then re-tigten all A"er following the preceding nstrctions. the trans-

connecting lugs and bolts former may be energized It is recommended that the
unit first be energized at no load if possible, then fill
load may be applied.

Where cable terminations are supplied by the user. it
is recommended that commercially available, properly
sized, UL listed screw type or crimp type connectors P'allel Operation

be used These terminations should be attached to the When operating transformers in parallel, their rated
cables as specified by the termination or cable manu- voltages, impedances, and turr ratios ideally Should
facturer -erminations are readily available from be the same Their phasor relationships must be iden-
wholesale electrical distributors tical. If these parameters are different, circulating

current will exist in the circuit loop hetween these
Secure each terminal lug to its proper termination bus units. The difference in impedance should in no case
bar. Torque all bolts as shown in the bolted wire exceed 100/c. The greater the differences in these
connector chart above Do not install washers between parameters the larger the magnitude of the circulating
the terminal lugs and the termination bus bar as this current. When specaflyng a transformer to be ooerated
will cause heating and arcing in that area. resulting in in parallel with existing units. al of these parameters
connector failure. should be noted.

Testing
Tests may be made before placing a transformer in Loading
service to determine that it is in satisfactory operating The maximum continuous load a transformer may
condition and to obtain data for future comparisons supply is indicated on the nameplate However. many

A Insulation resistance specially designed units have specific load capabilities

B Dieaectric tests in the field in accordance with ANSI designed into them If there is any Question

C57 12 gi. concerning the load capability of the unit. the factory
should be consulted Refer to ANSI Standard C57 96

The insulation resistance test aids in determinig the Guide for Loading Dry-Type Distribution ard Power

suitability of the transformer for application of the Transformers for geneial guidelines

high-potential test and yields useful data for future

comparative purposes. Insulation resistance tests
shoul: be made before applying the hign-potential Minimum electrical clearances ir the installation of
test Variable factors affecting the construction and lugs and cables must be per N E C All electrical
use of dry-type transformers make it difficult to set clearances that are Questionable must be insulated
limits for this test Experience indicates that 2
megohms (one minute reading at approximately 25CC) Overload protection for primary and secondary circuits
per 1.000 volts of nameplate voltage rating, but in no is covered by the National Electrical Code.

C-23



Transformers Ventilated Dry

Operation na-dling nuts, bolts and washers to prevent ¢c2:),ng

Shopping Supports tnem into the coils )

A -,ghten lower lacking nut while nolding jackng bolt

After the translormer has been placed in its permanent until coil block can no longer be moved b-. hand

location the hold-down bolts securing the core and B Tighten lower lacking nut an additional " turn

co,! assembly to the base or case must be removed C Apply air dry varnish to nut and bolt assembly
Removing tnese bolts releases the sound isol, on D Repeat as required on other lackscrew assemblies

pads for maximum effectiveness Also remove any

shipping braces and lifting devices the core and

coil or the enclosure For easy icler, ication, all of Determining Dryness

Inese removable parts will be painted a different color Thc measurement of insulation resistance is of value

from the remaining assembly parts (usually red) in determining the status of drying Measurements

Should it ever be necessary to move the transformer, should be taken before starting the drying process and

at two-hour intervals during drying -he initial value, if
replace the hold-down boltS for the moving operation taken at ordinary temperatures, may be high even

Maintenance though the insulation may no, be dry Because
insulation resistance varies inversely with temperature.

Warning: De-energize transformer before any inspection the transformer temperature should be kept
or maintenance! approximately const: -t during the drying period to

Periodic Inspection obtain comparative t edings. As the transformer is

Like other electrical equipment. all transformers heated. the presence of moisture will be evident by the

require maintenance from time to time to assure rapid drop in resistance measurement. Following this

successful operation Inspection should be made at period, the insulatior resistance will generally increase

regular intervals and corrective measures taken when gradually until near the end of the drying oeriod when

necessary to assure the most satisfactory services it will increase more rapidly. Sometimes it will rise and

from this equipment fal; through a short range before steadying. because
moisture in the interior of the insulation is working Out

Operating conditions determine the frequency at thrcugh the initially-dried portions A curve, with time
which tiese transformers shouid be inspected For as abscissa and resistance as ordinate, Should be
ciean dry locations, an annua inspection may be plotted. and the run should be continued until
sufficient However. for other locations, such as may resistance -vets off and remains relatively constant
be encountered where the air is contaminated with between t !e and four hours.
dust or chemical fumes, more frequent inspections
may be required Usually after the first few inspection Caution: Insulation resistance measurements should

periods a defnite schedule can be established, be taken from each winding to ground, with all

Wth the translormer dCe-energized. enclosure panels g grounded except the one being tested

Srould oe removed Inspection should be made for Before takrng insulation resistance measurements, the
dirt especialiv accumulations on insulating surfaces winding should be short-circuited and gounded for at

where such accumulations could restrict air flow least one minute to drain off any static charge

Inspection ShOuic also be made for loose connections All readings should be for the same time of application

to" the condition of terminal boards, and for the of the test voltage, preferably one minute

general condrdt,o of tne transformer

Ocse-vations should be mace to" sions o' overheatng
an- o' vc*tage creepage over insulating surfaces as Methods of Drying

evidenced -, t'ackir,2 O carbonization General

Evidence ol rusting co'rosion and deterioration of the As long as tne transformer remains energized

paint snou:d ne looKec for anc corrective measures humidity conditions are of no importance However if

snouo be taken wnere necessz-y Furthermore fans, a dry-type transformer is de-energized anc allowed 'o

moCc.! a-,c ct*ne aux,ý,ary devices should be cool to ambient temperature~consideration must be

irspictec a'-c servctd durinC insvection periods g,,en to the possible effects of humidity

I' the shutdOwn period occurs during low humrditv
Jackscrew Assembly Adjustments CcO'ditions. no special precautions Should t --auirec

Check for lose iacksc'ew assemblies by attempting to before energizing the unit But, experience :ates
"move the coil bioc*, from side to side If they move. that If a shutdown exceeding 24 hours occ. du'rin
tccren the lacksc'eN assembl, following the outhned a period of high humidity, particularly i' atmospheric

p'oceaure (Cautio" Should be observed when Conditions are such that they cause condensation to
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Transformers Ventilated Dry

Maintenance Drying by Internal Heal
T n's methnod is relatively slow and should be used

Methods of Drying ,Cc-ti-uec oniý when the other two methodis are unavailaole

appear within the mousing of ,ne transformer. then Tne transformer should be locatec !o allow free cir-
P)recautions must be taKen Sinall s-'ic reaters rna,, b cuiation of air through the coils from, The bottom to th~e

diacd i th botomO~ he nitSCCtlsaftr S~t-tor of the case One windinG shoujld be shiort-cir-
oown to maintain tne temperature of ithtrnfmea culted. anc sufficient voltage at normal frequenc,.

* few' dlegrees a!pove 1,,at 0' thO outside air If such a cnoul oe applied to the othner winding to circulate
:Precaution is hot, tapen The transformer should be approximately normal current
inspected for evidence of moisture, and the insulation

* resistance should be ch~ec~ed tf moisture is present or It is recommended that the winding temperature not
.f the insuiation resistance is low. , te transformer be allowed to exceed 100 C. as measured by resis-
should be dried out by one o' the methods described lance. or by thermometers placed n th Ie ducts oe-

tween tne windings The thermometers used shculc De
Drying of Core and Colt Assembly lne Spirit type. merCury thermometers dyve erron-eous
NVnen :, is necessarv tocr o'Ou*, a transformer before readings dlue to the generation of hea- in the mtirý::j"
nstallation or after an exteno-ed snutd:ow'n under resulting from induced eddy currents 7ne end
,e~ativei, high humidlity ccnci: ons one of the fo)llowinc terminals of the windings land ho' thPe tapsl must .
-ieerhods may, oe used used in order to circulate Current, through the entire
A External heat wincing Proper precautions should be taken to

E3 internal heat protect the operator from dangerous voltage.

CExternal and Internal neat

Before app-yin~g ans- of tnes- methrods. free moisturýe Drying by External and Internal Heat
snould be blown o, wiped o"' o! the wvimnqns to 7 h!s is a combination 04 the twC -ethods rrevic;usl'
ecducc the time of the drvihd De,:oc dýescrib~e,: and is by '.a, the cu~cKeSt meth"oOl hep

transformer Core an.: coil assenib,- sl-Ouid oe KC-.t* 11 !S

Drying by External Heat oDwn case wilen suitable. ard exte-ha neat ap)oiec as
Jiescrioec in the first methýod as cretis circ.-!Rled:xter-in! heat, ma'. LC-c az)c'l:ed to -he tra-.s'o' me' -ný thrdoud thne whr~iin~s :as cesc,;,-;. ;r n te se-c-cc

Ch~ 0 th~ olo.''nc mto~smethodc The current reouit-ec ne C ~sdeal
ABy i-ec,,nq heated air into -e bot~om, air inlet.s of the less than, when no E-*tcrral heath:-) is i-se:: Ltj* sl-Zz 0

,,anslcr-er case be sufficient to produce the desired terrperat,.'c Or the

cE BY olac hd the core and col! assemb~ly in a su~tabiv w nengns It is recommended that thre temp)erature
ve-ntated ov.en ~a,,nec not exceed those stated in the toreaoirz,

paradrac'hs
I' is irzo'tant that most o' the hieatedý air passes Removal from Service
t-rou'2' tne wind~no uctcs ian no, arounc the s;OCs 1' a unit is to be off more Iran 2-4 !hou'S. p'oCvis0-S

Good ventilation is essentia' to prevent condensation shiooic oe mace to prevent tne core and coils from
f'prn taking place witnin tne transforme~r or insice the taKJnd, on moisture Refer to - Storagle'
case A sufficient cuantit,, of a-' should DC used to I' th~e unit is be moved it wil be necessarv to re:pace
t5':e aczp'ox-atei, edja in-Ct anc Outlet

temz.neatu'es teco'e and coil hold-down b~olts and aný, shono2-,
c'aces tnat might, protect, tne assemol, durina

Whenpr u~ind: the lirSý external i-eatiic reho eat. movement.
-aý :)( obtlainec tý:14. thse s c' resiS'ance cd 0 Cleaning

soace hýeaters These -,aý be iso~e ci"e the :.,se 1' excessive accumulations of dirt a'e foundC on the
cr ma,ý be Placed oi.tside anc -e neat nlow- int!o thýe t'anSto'mC' windinas or insuato's wnen the trans.

:ýotor- l !)e cse ne cre -c c` ase-iilvormner -s inisoected the. dirt Should be 'Cinoved to
"ze ate'sk rtcecaa ;-ato r-ln permit !'ee ci-culation o' air ano toc guard agla ns, ,,)e

p ossbitoity 0f hsulat on breakdIowns Particular atte,-
V i reommn~ctha th a' tmzeatue ht ecee tn should b- c:ivený to clt- -- inc the topý and bott.om

0 0-~r end 0' te w dm0in5 assempilies andC to cleaninG out
the ventilatino ducts

The windings --,y be cleaned with, a vacuum cleaner.
a blower, or w:1- compressed air The use of a vacuum
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Maintenance

Methods of Drying (Continued)

cleaner i- preferred as the firs! step iý cleaning
followec by the use of compressed air or nitrogen The
compressed air Or n:trooen should be clear, ano dry
and shoulC be applied a, a relatively low pressure (not
over 25 pounds per square inch) Leac supports.
terminal boards. buShings anc other majo, insulation
surfaces should be brushed or wiped w;t:r a dry cloth.
The use of hauid cleaners is dCiscouraged as some of
them have a solvent or oete'ioratinc effect on
insulating materials

Renewal Parts
Should a transformer be damaged and new parts
needed. write to Nationa: incustri giving full
nameplate information Be sure to inciude the serial
number and a description of the part desired. If the
proper name of the part is in doubt. a simple sketch or
pnotograph will expedite prompt shipment to you.
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Trouble Shooting

Transformer failure may occur in either the electric,

magnetic or dielectric circuit

Symptom Cause

Electric Circuit

Overheating ......................... Continuous overload - wrong external connections - poor ventilation -
high surrounding air temperature. (Rating is based on 30 Degree C average

temperature over 24-hour period with peaks not to exceed 40 Degree C.)

Reduced or Zero Voltage ............. Shorted turns - loose primary tap connections

Excess Secondary Voltage ........... Inout voltage high - improper primary tap connections

High Conductor Loss ................ Overload - tap connections not on identical tap positions

Coil Distortion ...................... Coils short circuited

Insulation Failure .................... Continuous overloads - dirt accumulations on coils - mechanical damage

in handling - lightning surge

Breakers or Fuses Opening .......... Short Circuit - overload.

Excessive Cabie Heating ............. Improper bolted connection.

High Voltage to Ground ............. Usually a static charge condition.

(using rectifier or VTVM meter)

Magnetic Circuit

Vibration and Noise ............... Low frequency - high input voltage - core clamps loosened in shipment or

handling - improper primary tap connection.

Overheating ......................... High input voltage.

High Exciting Current ............... Low frequency - high input voltage - shorted turns.

High Core Loss ..................... Low frequency - high input voltage.

Insulation Failure .................... Very high core temperature due to high input voltage or low frequency.

Dielectric Circuit

Sm oke .............................. Insulation failure.

Burned Insulation ................... Lightning surge - switching or line disturbance - broken bushings, taps, or

arrestors - excess dirt or dust on coils.

Overheating ......................... Clogged air ducts or inadequate ventilation.

Breakers or Fuse Open .............. Insulation failure.

If any of the above symptoms are noticed, the trans- the core and coil may have to be disassembled for a

former should be removed from service at once. complete inspection Removal of the coils from the
Immediate attention to the problem may save a large core is a factory or service snop operation. As this will

repair bill In many instances, the trouole can be found mean replacing many insulation parts when

quickly and the unit returned to service, reassembling. it is advised that the trouble be reported

If the trouble cannot be definitely corrected, no further to the nearest National Industri representative, before

use should be made of the transformer until the cause any dismantling takes place. Factory advice may aaain

has been found save a large repair bill When writing, describe the
nature of :he trouble, the extent and character of the

It may be necessary to remove the core and coils for a damage, and list all nameplate information.
Closer examination If no apparent fault can be found
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Transformers Forced Air
Cooling System

rcnwe- is to ne supo2ied by the lact~orý tne Customre, s

Ventilated Dry and O'coe, s50-id ce wri:ten e c 1500 2000 AA FA Option

Cast Coil Transformers C Fc-cec Air Cooling with Control power
coil sensing is available as a separate paC~aoe-

Application Data ccO-'sji flactory

-,e forced air cocino s,'stem IS Uesocned for use w',` Future Addition of Forced Air Equipment
entliatedc cry-. ,pe and cast coil trar~sformners Forcec,

a.- COciiinc isI ava:iacie o'- tran-sformers 300 - '150 FoceC air equipment may be adoed r in te fielc to,
K\.Ato ~pp an ddtona 331 ~Cof veroadtran~sformers that were equipped bv trie factory with

capaboilitv to ambpient air ratinc Consul! factory for Ftr occAro rvso o uueFre i
Ovria Cpbiiie boe370KV ndseca Cooling (Option A and B) Most units tnat require the

overoadcapniltie abve 350 VA nd pecal addtion of a fan cooling system can be readily
aoplatios nt metioec aovemodified in the field Some of the units which have

Descrptionbeen in service for longer periods of time may require
Descrptiona more extensive Conversion process When ordering

Nation~a; lncdustri Transformers inc offers 3 options in equipment for completion of forced air zciolng. tne
forcec air coolinc equipment The 3 basic oipt )ns Serial number of the uni! on whiCh- fans are being
include the followino ecuipment added must be supplied with the order

Option A - Future Forced Air Cooling
1 Insulated tube well in loA voltage wind~ing for National Indlustri reserves the right to alter any of the

future addition of temperature sensing device equipment described In this information.
2 Properly szzecl bus for increased capacity of

transformer Forced Air Cooling Equipment
3 A control box with, a hinged blank door

Option 8 - Provision For Future Forced Air Cooling T 1'l No of [ 2) Fan Blade
4 All items described under Option A IV IoosDimtr
5 A hinaed door with dial type temperature I________4

indicator with -1 SPOT adjustable alarm 30C 6 7
contacts anc a maximum temperature 301 -500 6 S
Indicating pointer with reset 50-50 6 9'

Option C - Complete Forced Air Cooling 751 -'.250 6 10'.
6 Fan mounting brac.~ets for maximum cooling 1251-2000 12 9'

efficiency 2001-3000 12 10"
7 All Items deSCr:bed under Option B Above 3000 (31 (3)
6 Automatic contro, canel equipped win_________________

indicatinc licthts anc ala-rn bell Table 1
9 Farnmotors anc blades

10, 120 VAC power source suciplien if soec-fied a! Notes:
time of order entry Ili Far, motors are 1550 RPMI 120 Volt 07 Amp. 1 83

Ordering Information H P eacr
212 Fan) biades are jncoatec: alumin.irr

7o0 once' toceo a!, Coolnc cequipm-ent select. 'rorrh 1)ef31 Consult, factory
descripto, above O,-,ctn A B or C ano- sc. stat~e th'a:
se~ple~ton o- c-Ie-

Control Power

Con~tro cowe- 5Ol-cu Lne suple 0.customer fro-
anv aa,ianiab- 1.2. VAC SupovI Trn amnount, o' power
requjired for opzeration o! tne Fan cooling; system- wili
vary witn size o' transformer being s~r.plec Genera'
redu~rements fo, transformers uc to 3000 Vt-
(ambnientt air ratingý 1500 VA Consult factorv for
larder transfo-mers If 120 VAC control power is -o*
avaiiaole control power may be furnisheC bý factoy
forom the secondary 0' 'ie main, transformer if
spiecified at time o; order entry in cases where conl,,o;
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Transformers Forced Air
Cooling System

Ventilated Dry and Proper air clearances must be maintained from any
Cast Coil Transformers transformer live part to capillary tubing and

temperature indicator General guidelines for such

Thermostat clearances are. up to 5 KV - 21.1", up to 15 KV - 6".

Tne control crcuit elements ace actuated by thermo- Replace hinged blank door over cutout in transformer

meter contacts in the Qualitro! model 104-075-01 enclosure with temperalure indicator panel with

temperature indicator assembly indicator and terminai block attached. Indicator

contacts are available on this terminal block for
The herosta 5 f te bdrdo-tue tye ad sconnection to remote devices, see Fig. 1.

connected with capillary tubing to a bulb installed

directly in tne air duct of the center transformer coil. Field Conversion from Option B - Future Forced Air

where it transmits the winding hot-spot temperature Cooling to Option C - Complete Forced Air Cooling

Forced Air Cooling Equipment Contact Settings Fan mounting braci.ets. if not already installed. should
be mounted as per Fig 6 Use existing bolts in bottom

flange of bottom transformer clamping channel if

Contacts (1) (2) (3) available and if in appropriate position. Otherwise

220'C 185C 150' C weld brackets to the or;tom flange.
Max Max Max Remove hinged indicator panel from cutout in

I Recorr- Total Total Total transformer enclosure and replace witi FAG control
Contact mended Dead Temp Temp lemp t
Postiton C,rcuits Band erature erature erature panel. Connect contact wires to terminal block on rear

I_ I of control panel per terminal numbers as shown on

Lett Fan 17 CC 180CC 145CC 110cC Fig 7.

Control Fan motors should be mounted on the mounting

T Center Alarm 5CC ?10 C 175CC 140C0 brackets using lock washers on all screws Fan blades
R- ,ant Auxiliary 50C .20"CC 185'C 150'C

L and rubber sound vibration reducing washer should
be installe- - locating pins. and secured with lock

Table 2 washer anc t

Wire six far, otors in parallel and connect to terminal
points 1 and 2 on terminal block on rear of FAC

11) Standard settings for convenional Open-Wound contre' panel If 12 motors are required, wire the

TransformerFor' Ce Air'Cooling System. Used remaining six motors in parallel and connect to points

on 8sm C. 100uC 115sc. and 150oC Rise 3 and 4. Connect 120 VAC to terminal points 11 and
Translormers unless specified otherwise12osaetrilhok 12 on same terminal hlock

ý2) Standard settings for Cast-Coil Transformer
Forced Air Cooling System Used on 80'C.

100'C. and 115'C Rise Transformers unless

specified cthe'wise.

(31 Optional Settings for Cast-Coil and Open-Wound
Transformers Forced Air Cooling System Used

when 80 0C is to be maintained at Forced Air

Cooling Rating

Field Conversien from Option A - Provisions for

Forced Air Cooling to Option B - Future Forced Air

Cooling.

A tube-well in the center coil of the transformer will

normally be provided for most installations If no tube-

well exists in older units, consult factory for details

The temperature sensing bult of the temperature

indicator should be fully inserted into the tube-

well as shown on Fig 4
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Transformers Forced Air

Cooling System

Ventilated Dry and
Cast Coil Transformers

I1 CPT -s required. mount un anc fuses in a suitar:e Fc. cotai un :s _ee sepa'ate fnstruclOn manual

Izcation and connect as ce, Fic 9

Proper air clearances must be traintained be-weer all

'rans'Ocmer hivE pa"ts ana f3n motors rlaaoes and ail

contro! wiring

Temperatue Indicator Contact Wiring

RED

T 1• w " e temperature indicator is equipped with 3-SPDT contacts, each

--- inoepenclently aPj.;s:aole over a broac temperature rance
L BLACK 16

2 Contact Rating 10 Amp'Ca 125 250 VAC
BLUE .5 Am Ca 125 VDC (Non-inductive)

T2 f.25 Amp C'2 250 VDC (Non-inductive)

3 Contacts are wired to control elements in FAC pane! in Option C or to

L GREEN customer tern-nP.•.on points for connection to remote devices in Option

BLK 'WT 4 Contact settncs are norrmally factory preset For possibtle fieic adjust-

T
3  ý 

ments refer to Tab!c 2

" BROWN -

Fig. 1
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Transformers Forced Air
Cooling System

Dry and Cast Coil Transformers

11j Temperature Indicator

121 1. Black temperature indicating pointer.
13

2. Red maximum temperature pointer.

3. Maximum temperature pointer reset button.

4. Removable bezel ring for access to contact settings.

5. Three adjustable contacts for connection to remote
0 controls and alarm.

6. Temperature sensing bulb.

0 250 7. Contact leads.

Temperature °C

Fig. 2

2".27, Field Installation of Temperature indicator

1. When indicator is supplied for fit . installation in an
0 0" enclosure which does not have provision for mounting

of device, the cutout and drilling shown at left will be
required.

2. Cutout should be made in non-removable panel.

3. Mount indicator with flange inside of pane!

4. Cutout should be in a location that provides adequate
clearance to transformer live parts. Indicator extends
3'1/" inside of panel.

3 16' Dia. Hole (4 Reqcd.)

Fig. 3
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Transf ormers Forced Air
Cooling System

Dry and Cast Coil Transf ormers

A-mor Cowt-rec:
Capoliafý Tuut-

I- Above Codl Cortrol Panel

Fan Moro, Vring

Fig. 4

Dc~a 0, Isulatec ~e.

Not- I ins&'a: -ca'o- su.ch tiia* aoea.uaze clea~ance to i'be Oa'tS, sma~nlaned for ind,cator
anc: caD* a, Z JO

E -e-C-se ca'a no', to C'us!1 Sens rrq b.uln a,(! nol to make sharo berids in cao-Ilarv tube Co.I excess
leq', o'~ cao~i-avN tune anc sinooft to preve-': dlarace Ic tube

r-OO/- '3- m0 .:) -.%, no to ma~ntan acleuuatr- c eafance to trarsforme, live Darts
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Transformers Forced Air
Cooling System

Dry and Cast Coil Transformers

•EMPERATURE "C 0

SeAX POINTER
RESET

POWER FANS ALARM

ON

ON 3 4 5 6 7 8 9 10 11 12
OFF tFAN IFANIINcLNo

0 MANAL SILENCE T•T A.V SGL¢

O FUSE AUTO T 0-206V
FANS ALARM

0 ise 0( E )( ®!o e) 01

.- 29 WD LUG- MAX.(16 SCREW)

Fig. 5
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Transf ormers Forced Air
Cooling System

Dry and Cast Coil Transformers

I Transformer

I I Coil
Air DuctsI

Nut

Lockwasher

Fan Bladie/

Rubber Backed
Rubber Resilient Tlansformer
Mounting Wasner Crnsorme

Fan Motor ns:ajlec
Using LoCkwas~ers
ana Screws

Far Mounlir': Bacxel,
(Woidec or Boitec.

II

,ransformne, Mounting Foot

Transformer C;amping Channel

Fig. 6
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Transformers Forced Air
Cooling System

Dry and Cast Coil Transformers

SILENCE

TESTAR

TET R2-2 THERMO. -,(into FA C box)

4 A R-1 T W. 2

JHEAT SENSING BULB
AUTO (to center coil of trcnsformer)

RI
MAN.

I YL THERMO SW.1~ 3 FANS

RI-2 Ri-I GN

ON/

THERMO POWER

NC~ c NO: FUSE

2 4

FA N FAN [AARMJ TRI 12D KN7

Fig. 7
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Transformers Forced Air

Cooling System

Dry and Cast Coil Transformers

FAC Instructions
SuPply of 120 volts - 60 ,z or 100 vOlts - 50 Hz tO local annunciator, and the remote ALARM

po'n!s 11 an 1,2 of control panel contacts on the rear terminal board The local

annunciator and the remote -ALARM- contacts

2 Panel is oe-ene'gizec . main switcn in 'OFF' may be de-energizeo by momentarily moving the

position IALARM" switcr to "SILENCE" position. while

overload condition is being adjusted The red

3 Wtn crcut treakers in ON position the green 'ALARM' light will remain lighted until

POWER pitc: ignh indoates tnat panei is temperature falls 5-10cC below T2 contact

enero~zed Transforme' may be operated at it s saetting The -ALARM- circuit also resets itself a:

forcec air rating on: it tfis I~ght is on this point

4A Move FANS swich tc AUTO position This is Move 'ALARM" switch to "TEST" position to tes

the no-ha, positon tor operatina fan controller operation of the 'ALARM" light, local

When tne temperature o' 71 contact is reached, annunciator, and remote "ALARM" relay

contact Ti closes tne amber FANS light is operation The red "ALARM" liaht. local

ene'g~zed. fan motors operate The fan motors annunciator, and remote "ALARM" relay will all

and the 'FANS' hant will continue to operate remain actuated as long as the "ALARM" switch

until the temperature falls !5-20ý C below Ti is held in the TEST position.
contact settinc.

7A Auxiliary circuit for remote "ALARM"

4B Move "FANS' switch to "MANUAL position connections are provided at points 5 and 6.
Trhis funcitor by-passes the au;tomatic coftro,6 Device should be rated maximum 120 vac, 3

anC operates fan continuously 1nis Losition amps Power is provided from fan control panel

Snoiilc be used only for emergency operation or

testinc of 'ar motot s 7B Auxiliary circuit for remote "TRIP" connections

are provided at points 7. 8 and 9 Device should

I If temperature continues to r~se above T1 contact not exceed 3 amps 125'250 vac and should

setting and T2 contac: setting is reached, contact include its own source of supply power.

T2 closes, energzing the red 'ALARM light, the
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Transformers Forced Air

Cooling System

Dry and Cast Coil Transformers

"A C

F uses

Pr rmary

Secondaryx FIxa 3 X2 X4 ¢ "

•,012

Fig. 8 j I

FAC Terminal Block

Notes I Points A and B connected to 240 or 480 volt supp;y

2 Fuses - see table beloN

3 Connect primary of CPT for correct input voltage See CPT nameplate
for proper connection

4 Connect secondary of CPT as shown by dotted lines

5 Output of CPT connected to terminal points 11 and 12 of FAC panel
See Fig 7

Main Input Voitage Fuse Size
Transfo -ner to CPT Required

Up to 240V 250V • 9A
3000 KVA 480 V 600V - 5A

Above
3000 KVA 480V 600V 9A

Table 3
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I WF*sg Wl bdtdm PA 16153
C[)lor Dry-Type (4121S2H-53

OPERATIONAL CONTROLS

* FAN CONTROL SWITCH
The fm corded mitd can be in te automdc, nfwid, cr of poelton. In awuwwc,
fwurn an Mad ff At •te pVOA set lo WOr ff te" IWare. In tie mmuW
poeiln, twiwl be tund on at d mea. In teoff posion, fen pow a nrot
svdlile to tie fan.

• ALARM
The op•erw can daenm the local eWar lacmte an to hM pod f tie
riNaument The remote edm cwri ues untiooe ekrm conio cdekw The
cc o stt erm arcuit tested by uuig fte 9e ted fesure.

* SELF TEST
The sel ted eare provkde te operstaor v•h t• aity to tog d soet pt
wilhut ••ie need for 1dit r 1 umenttion. The push md hold ca envergm
toe lest €cult The mae mand bra aet points we dceced by dong te •un to
d- I crnrl OWd corfpw tie oarf scbm d t•e two on, ewm, mod it loft
w te to o on tie red-out. The tens, local and remoe rme, and IVp "aits
we Uned on by te self tet fe•re. The IV relay a not onped "rig sef 1.o

The self teo feee ca•a lso be used to d ge te set ponts. Comta
t melu r muufacturer before ante ntig to dhuop set-pains. The
sewpoints we sembfiwe to pr'oe tie ft w system aswd as the slectici
"oprawig syem.

The self toot feeturo ca also be usd to teat mie enro elecrical canvl shoeme
end twin. The VV arcuit vi rot enwgze whe uming toe sel t tesme.

* MAXIMUM TEMPERATURE MEMORY
The ma3mam tmp---er memy a dinsyed on tie metu by plming ti
puh to read wtd. The mm umm memoy a-is d by pessig tie push to reset
cir . The mxnwum tmpratwe memay is remid in fte electorics for 30
days r more if fie po to e inmeument i Iot A balhry is nt used tore
mem11y.

* THREE THERMOCOUPLE SELECTOR
The droe U•rmcupe selector tenre oprstse mutornsedy to select twe
hoteast phte to be used in tIe crtrd Iogc. To read tie tefpf4luo of tw owr

hms pm tie f rrteupong cwrt'l button. Three d00111 wkhdko pt e
is to honest eand being used i ti cw•rrke loc.

- FUSE
The *ont mhm uamid fome a braka is to proma ti tomn The jrvumen a no fumed
In cradr to provle mndmum p'roe:fm crI Iie rvantarrw.



Series 51XL ci,,. E Inc..
Windig Tm r P.O. BOX9 0 o 14MA ST.
& Col tr Dry-Type WbldUWaP PA 16151
To (4121 52H551

FEATURES
S OPERATING INSTRUCTIONS

* SELF-TEST • SINGLE FUNCTION CONTROLS - - ALL OF
"* ALL ON-OFF SET-POINTS CAN BE THE FRONT PANEL CONTROLS PERFORM

CHECKED BY USING FRONT PANEL ONE FUNCTION ONLY.
CONTROLS. * INSTRUCTIONS FOR EACH CONTROL ARE

"* ALL Oý SET-POINTS CAN BE CHANGED PRINTED ON THE FRONT PANEL NEXT TO
USING THE FRONT PANEL CONTROLS THE CONTROL
AND THE SCREW DRIVER - EXPERIENCED CONTROL ROOM
ADJUSTMENTS. (DEAD BAND IS FIXED) OPERATORS USUALLY DO NOT REQUIRE

"* MAXIMUM MEMORY IS NOT AFFECTED ANY TRAINING TO OPERATE THIS
BY SELF-TEST INSTRUMENT.

"* EXTERNAL TRIP CIRCUIT IS NOT
AFFECTED OPERATING INSTRUCTIONS FOR

"* LOCAL ALARM CAN BE TESTED MA)IMUM TEMPERATURE MEMORY
"• FANS AM) REMOTE ALARM CAN BE

TESTED P AT START-UP
"* FANS ON, ALARM, AM) TRIP UGHTS * PRESS "PUSH TO READ'

CAN BE TESTED D PRESS DPUSH TO RESET' IF RESET IS
SFAIL-SAFE DESIRED
"* FOR ANY OPEN THERMOCOUPLE • TRlOEADETION

"* METER WILL READ F'!'". SCALE PRESS PUSH TO READ" TO DETERMINE• MAXIMUM MEMORY READS FULL XMU
"SCALE TEMPERATURE SINCE LAST RESET.ALA, PRESS 'PUSH TO RESET* TO CLEAR THE"* FAN ALARM. AND TRIP UGHTS TURN MAXIMUM TEMPERATURE VALUE IN
ON MMR"* ALARM RELAYS OPERATE MEMORY

"* LOCAL SONIC ALARM OPERATES ORATING INSTRUCTIONS
"* TRIP RELAY DOES NOT OPERATE ORERAT ESTRUEATURE

* FOR LOSS OF POWER TO INSTRUMENT FOR SELF-TEST FEATURE
"* ALL UGHTS TURN OFF • SET FAN MODE CONTROL TO AUTOMATIC
"* ALARM RELAYS TURN ON . RC. ATE SELF-TEST CONTROL
"• MAXIMUM TEMPERATURE IS STORED COUNTER-CLOCK WISE
"* RETAINED AT LEA- - 0OR 30 DAYS • PRESS 'PUSH AND HOLD' SWITCH
"* NO LOSS OF ACCU-ACY • SLOWLY ROTATE SELF-TEST CONTROL
"• NO BATTERY POWER CLOCK WISE

'INSTALLATION INSTRUCTIONS • RECOROTHE TEMPERATURE INDICATIrN
"* COMPLETE INSTRUCTIONS ON BACK ON THE METER AS EACH OF THE CONTP-0

PLATE UGHTS TURNS ON.
" TERMINALS CLEARLY MARKED • SLOWLY ROTATE THE SELF-TEST
" FUNCTIONAL DESCRIPTION INCLUDED CONTROL COUNTER CLOCKWISE. (OK TC
" THERMOCOUPLE CONNECTING SILENCE ALARM DURING CHECK)

INSTRUCTIONS ' RECORD THE TEMPERATURE INDICATION
" 1201240 VAC INPUT SELECTION C-41 ON THE METER AS EACH OF THE CONTRC
"* 3( AMPS OF FAN POWER LIGHTS TURNS OFF
"* TWO SETS OF FAN POWER TERMINALS AUGUST 198



WbIbg Tempwatur Irlcow P.O.BOX2,48 a 14UIAST.
WisdlA~ss PA I115M& wog fotr DrTo (4t121520455

GENERAL SPECIFICATIONS

FEATURE STANIARD OPTIONAL
SCALE RANGE O-25OC
SCALE TYPE DIGITAL
ACCURACY 1% OF FULL SCALE
CURRENT LOOP 4-20 MILLI AMP
SET POINT RANGE FULL SCALE

DEAD SAM
FANS 25'C 311C0rc
ALARM AND TRIP 5"C ,'C<20=C

FAN CONTROL AUTO-OFF-MANUAL AUTO-MANUAL
FAN RELAY RATINGS

FANS 1 (SPST) 1 HPAT 120 VAC
1-112 HP AT 240 VAC

FANS 2 (SPST) 1 HP AT 120 VAC
1-1/2 HP AT 240 VAC

ALARM AND TRIP 10 AMPS AT 120 VAC
RELAY RATING 8 AMPS AT 240 VAC

AT PF 1.0
1.5 AMPS AT 125 VDC
0.7 AMPS AT 240 VDC

THERMOCOUPLE TYPE'E"
3 REOUIRED

SUPPLY POWER 120 OR 240 VAC
MAXIMUM LOAD 30 AMPS
PROTECTION 20 AMP FUSE SINGLE POLE BREAKER

ON FAN CIRCUIT

SONIC ALARM FRONT PANEL MOUNT
0db - INTERMITTENT SIREN

PANEL CUT-OUT 6.75" WIDE BY 13.875" CONTACT CIMCO

HI-POT TEST' 1500 VAC, 60HZa 60 SEC.

"*TEST NOTES
- DURING HI-POT TEST; DO NOT INCLUDE THE THERMOCOUPLE

TERMINALS IN THE TEST.
* DURING IMPULSE TEST; DO NOT CONNECT THERMOCOUPLE

TERMINALS TO GROUND. C -42



9.

E6 NATIONAL INDUSTRI 1. FACE PLATE IS 0.60'
BRUSHED ALUMINUM.

AUTO 2. LETTERING IS SLIGHTL
FANS A77- POER SMALLER IN SCALE TI-OFF 0 ONTHAN SHOWN.

MAN• O3. BOX IS 4" DEEP.

MA] F A 4. BOX IS6-1/2"X 1l-1SILENCEO i ON FANS S. TYPE 'E" THERMOCOUFALA.RC ( ON IS STANDARD.
6. FUSE DOES NOT

S TINTERRUPT POWER TCAND L •NU C ALARM INSTRUMENT.
SELF TEST 7. ALARM EMITS AN

TURN TO INTERMITTENT HIGH
CTECK 0 TRTP PITCHED SIREN TYPE

SET-POINTS OF SOUND RATED AT
90 db.

,- PUSH MAXIMI, JM • PUSH - 8. ALL LIGHTS ARE LED'S
7. TO EAD C TEMRATURE TO PE'fT 9. DIGITAL METER IS LECMEMORY

IETER WILL AUTOMATICALLY READ PHASE WITH HIGHEST TEMPERATUE

PUSH SWiTCHES TO READ OTHER *IASES

0 0 0
LEFT CENTER R1IHT0 0

ALARM FUSE

CAUTION
DO NOT 4EMOVE THIS INSTRU.MENT WHILE

TRANSFOIER OR INSTRUMENT IS ENERGIZED

SERIES 50 XL
1/2' 6 HOLES-0.313" 50. NATIONAL INDUST!

CIMCO ELECTRONICS. IN(
WEST MIDDLESEX. PA 16 1

(412) 528-9559

SUB2I SCALE -1/2 DEC. 3. P

C-43
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ABB Power T&D Company Inc. Instruction Bookiet
UndergrounC D,stributon Transformers I.B. 46-060-1. Section D
Jefferson Clty' MO 65101

ASEA BROwN BO6 ER)

EffectiveMay 1991 Instructions for Oil-Immersed
SupersedesI E 46-060-1.Secion D. dated June. 1965 Distribution Transformers

Section D: Padmounted, 75-2500 KVA, Three-Phase
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i-age 2

1.0 INTRODUCTION Additionally al! applicable safety procedures such as
OSH-A requirements reg~ional and local safety requirements,

-he three prlase p~amornnted 0:s'ricjtior transfo'me- is sale woriin practices and oood judgement must be used by
CeSigned tO P'ovEr E ectrica ser, ce- on underground cistri- s,;ch Dersonnel
bý,.orr svstE,-.s The transtorme. is aesoaned to, ouatdoO
rnount~ind o- a pac Prirnarý anc secondary cantes enter tne 3.0 RECEIVING
transtlorme' co~mparlrren: trorr oeýLc"ir tnru~r openinos in _________________________

tne pad Aiý exoosec yie :pais a'e compieteiý enclosed it WA N_" 1 TE-TA~F1~ 1W
tamoer-resistan:, cabinets v, ttn prov isions tot padlocking NGXANEILCR'JACKS ON ANY-PARTO0

The transformers aescroned herein are dlesioned for the OR.AOIONGADS w ROw DE FOR_ .7HE 1S.PURPOSE4
conditions no'mnaill enco.interec on) electric uiiitv power IMR ?ERLJFTING_ OR-JACKING .CAN-C -AtUS6
ditsibiution systems As sucr t're, are suitablie for use under SE.E7 NUYADPOERYDMO~. '.

the usua service conditions oesciroed in ANSi C57 12 00 S NUYADPOET AAE =dýIr

(Generaý Recuirements for Liouid- nmersed Distribution.
Pohc- and Rep ulatinc Transformers All other conditions Thietransformers are normally snipped completel\ assemo-
are considie'ec unusua' service and Shiould be avoided le-, and reacv to' install Each transformer snould be caret .ois

in spected upon receipt and the transportation company not,-
2.0 SAFETY 1,ec of any carriage that has been incurred The shipping list

~ ~ .. ,.- -Should be chieciked for possible shortages

W ARNING R-W'EAD -HIS INSTRUCTION BOOK CARE-:ý
FULLY, EFOREATTEMPTlNO TO INSTALLJ MAIN-1' Tniree-oiiase transformers are normally shipped on a va~le:

;r~KPERAE7AS~i1CETH TRANSFORMER.i Palietized translc'rmers in tnese ratings may be moved reacily
FA IJUREJOýFLLOW INSTRUCTIONS CAN CAUSEi a Itt r~ucK cra-teor car, The liftilg hooks suopiiecl cn!ne

SEVERE INJURY, DEATK- ORPROPERTY IDAMAGEý74 sOes of tnie transtormer enable it to be lifted by crane

Be sure tne device chosen has the capacity to lift or move.
Keep this Instruction Book available to those responsible the compiete unit (Weight is shown on tne namepiate I

for the installation maintenance operation. and service of the
transformer Safety as defined in this Instruction Book Lift the transformer utilizing all the hooks and Use proper
involves two conditions Spreade's to obtain a vertical lift

IPersona injury
2 Product or property damage

SEE IMPORTANT "DISCLAIMIEP OF WARRANTIES AND
LIMITATION OF LIABILITY' ON PAGE 12

Safety notations intendled to alert personnel of Possible
personai injury. death o, prooerty damage. have been nr-
selted in the instructional text Drior to the step in which the
condition is cited These safety notations are headed by one
of three hazard intensity levels which are defined as follows Lifting- .. Hooks

__. WARNIINO Hazard or .unsafe practice which can

1.-cause, severe personal Injury: death or substantial - ~Jacking
~properl dmg 2 - ý M olt~f Pads

3. CAUTION - Hazard or unsafe practice which will or
can cause minor personal injury or minor property
damage.

Fig. 1

Tne trars½rnie, shciui _e oc-3 anc: serviced oni, by

compierent De'sonne' tarn, a, %,.,, good safety ;p'act'--s '"is transto'me, has been furn!sh~ed Wjiti a ynaha
These instructions a'e vritte- o0 s~ch personnet and are no-, locking bolt tna: must be loosened to ovien the compaliment
inten'ded as a sst:eto, anecuate training and expe'tence This b~olt can be tirrned ý% .t 2 sandard Dentahea.d socKet,
in) the use of this eauiome't Should clarification or further fwrenchl. as usedl widely in the utility industry Scc6 i's can
info-naf on be 'eou'lec o, snouid problems arise which are bie obtainec from the Snazp-On Company (todi =62191 i or
not covered sufficiently to, the use- s ourpose refer the mat- ec.uivalent
te, tor Ie ABS Power T&D, Comnpany Inc When communicat-
ina with, ABE ed:ardinc tne product covered by, this lnst'uC-
tion Book a vavs includle the followind items of information
fromr the t'a-storme' s na'neoiate Se':ai number, style
number. KVA rating high %oltage and low voltage ratings
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Page 3

4.0 EXTERNAL INSPECTION 6.0 STORAGE

The trar'sformer should be stored completel, assembted

S II1LTMUSTBEALT.HE (tank sealed and canlnetrv Closed as though i: were ener-

-. RE.VOTAGE.11APPUIED-T gized and a! its permanen! location I ransformers should not

be slackec on top of one another and care must be exercised
to prevent submersion in water The transformer Shuuld be

stored on a solid level foundation

In the event a transformer is to be held in storage for a
period in excess of one (1) year. it is recommended the space

The oil evel should be checked by removing the oil level above tne oil be pressurized with dry air to two (21 to three (31

Plug located at the 25 'C level Any unit whiCc does not have psig This will prevent moisture ingress due to negative
the proper oil level should be checked for leaks and refilled pressure

through tne vent plug before placing in service Use only
auality oil per ASTM 03487 when adding oil to the trans- The transformer will be ready for service at any time pro-

former The transformer was filled or processed at tne factory videC it has received tne inspections outlined in Sections 4 0

with non-POB dielectric fluid in accordance with Federal and Section 7.0 throu 7.7,

Polychlorinaed Bi-phenyl (PCB) Regulations 40 C:R 761. ei
sen Tne non-POB fluid contained less than lppm at time of 7.0 INSTALLATION
processing or filling The owner should take the necessary
precautions so that PCE contamination is not introduced Installation Should comply with the latest edition 0' the
during field filling or maintenance of the transformer (refer to National Electrical Code
Fig 2)

7.1 Mounting

Oil Fill .WARNINGOFAILURETOýPROPERLyMOUNT-THE.,
(Vent) Plug TRANSFORMER CAN CAUSE SEVERE I I.URY DEATH4

Oil Level Plug 0.. (Vnt-______________OR PROPERTY DAMAGEM.'

Oil Level __ .____ The transformers should be mounted on a flat level pad
S,'. strong enough to support the weight of the transformer The

*" unit should not be tilted in any direction greater than 1.5
1•> -"4 idegrees. as a greater tilt will cause devtations in hquiC level

near fuses, pressure relief devices, or other accessories spe-
cifically located at or near the 25 degree C hquiCd level.

CAUTION: DEVIATIONS IN OIL LEVEL CAN IN-
Q CREASE THE POSSIBiLITY OF A DISRUPTIVE

FAILURE.
\. O il D rain Plug

High Voltage Low Voltage Wnen supphled hold down cleats or brackets should be

Fig. 2 used to bolt the transformer securely to tne pad Irefer to Fig
3)

5.0 INTERNAL TANK INSPECTION The transformer cabinet should Sit flush on the pad allow-
ing no gaps which would compromise tne tamper-resistance

o' the transformer

WARNING: ALWAYS VENT THE TRANSFORMER BY
SFOLLOWING THE INSTRUCTIONS IN SECTION 7.3.' 7.2 Location

FAILURE TO DO SO CAN CAUSE SEVERE PERSONAL
--INJURY; DEATH OR SUBSTANTIAL PROPERTY: Since thesetransformers c-nntain a fammable insulati.: fljuid

r" DAMAGE.'m-":.- (mnera; oil). transforme lure can cause fire anc or exrlo-
sion This Possiobilt sr-~id be considered when locating
these transtorme's in close proximity to bulldnO•s o' public

CAUTION: WHEN A TRANSFORMER iS OPENED, USE teetasomr nCoeootiyt ~idn- ,pbi
tncrougnfares Reter to the latest edition o' the Naiona Elec-

CARE TO PREVENT ENTRANCE OF MOISTURE OR trica; Code
FOREIGN OBJECTS. MOISTURE. DIRT OR FOREIGN

OBJECTS CAN WEAKEN THE INSULATION OF A
TRANSFORMER AND GREATLY SHORTEN ITS LIFE. 7.3 Venting

Vent the transformer by manually operating the pressure
The trar-sformer covered by this instruction is shipped relief device normally provideC Or by removing the vent plug

,iidy for installation and does not reouire internal inspection. The transformer should be vented before it is ene'gized if it

'-wever if the transformer must be opened, prevent the has been pressurized for leak test or if the unit has been
entrance of moisture or other foreign material opened and resealed
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Page 4

bushing terminals w~ insulators This could loosen the Contact
joints 0, Camr-''-p the insulators

I 7.6 Liquid Level

Bottm o CainetComartentNever opierate or apply voltage to transformer it the liquid

I eve) is teiow thie 25 degree C liquid level plug more thanI,
Cteats i Chpck thie liquid level before the transformer is ener-'
Cleats gizec tc ensure the proper liquid level

NOTE Cold temperatures can cause the liquid level to
drop Through contraction. by more than 7.inch When this

- happens the liquid should be heated to allow for expansion to
the proper liquid level or additional liquid is to, be added to

20' on 46-62 Width bring the liquid leve! up to within '.: inch of the liquid level
24' on 66-70 Width piuc This liquid will then have to be removed when the unit

has reached norma' operating temperature Follow the main-
tenance information in Section 10 0 when adding and remov-
ing any liquid

Sill 7.7 Cabinet Security

WARNING,- FALURE 0f _Z PROPERLY. SECUREi 11h

FCABI1NET MAY ALLOW-AICCESS BY UNAUTHORIZEDJ
PEASNNE-WHCH CAN CAUSE SEVERE INJU~RY-1

D TKOR PROPERTY DAMAGE,-. _

______________________________Before leavino the site ol an energized transformer, make

caieti completely ciosed. and all locking provisions are
Prpryinstalled

Typical Botted Cleat Assembly Tefollowing procedure should be used to assure cabinet,

Fig. 3A Ciose the hion voltaoe Ielef) door and secure it in place
with the captive bolts supplied Ipentahead or hexheadl)

7.4 Grounding 8 Close the low voltage Iright) door and secure it ir place by
__________________________________________rotatrnc the handle in a clockwise direction unti seated

WARNING: THE TRANSFORMER MUST BE PROPERLY' lhandie should then Cie in a vertical orientationi

[RPRYGROUNDE CANO CAUS SEVRGZ REG FINURE-TO; Tighten the safety bolt Ipentahead or hexhead) located in
;IDRPERY GRUNDCAN USE SEVRE NJURZthe locking tube unti fully seated

OR DEATM7-7" - L7._
C. lh)s,,a a padlock through the door handle and lccking

A cooc ve-ane- lovw ',rzecar-e cro..nic connect~o tube and secure
mr.js* oe made t -me ran- n L~ s ncre ro'Uhd pacis. prQo~Cc, E Check both1 the hit nd 'Avlta co fst, roe fit
rnea- the .nt- c' ,ap ia-w tn',s pJrposehihado ao o pp

and Secur
TIra-'o'me' w,,,-" are, loc- , use o' a crcunoec

w~ve syste- -ia' is one nay ng a solcidi r.c'jncec neum'a: 8.0 OPERATION
r- s' -ave *.", ta'-, a-c, o*,e' av a 3ie neui'a~s ve~nanent v
a-c s~lidl cz-znce: !: Tine corco ne,;tra 0' tne svs,,er Tnis transform'- was buil? and test.ed ir, acco'carice with the
before the treinslorme is ene'cizec latest version c e foliowinga standards o' American Nationaý

S*,anca,'ds lnst.,-e
7.5 Connections

ANSI C57 12 00 - Genera' Reouirements for Liquid-
During instaiia,!,'0 I te,_:ornenced secuence c, ccnnec- Immersed Distribution. Power ano Regulating Trans-
tions is to firs*, make a croind con)nections then th)e low formers
voltaae connections anc finally the highc voltage cinnec-
tions The tra-sto'rher shoulc be removec frorr service by ANSI C57 12 90 - Test Code for Liouda-lmmetsed, Distri-
reversino t" above sequence o' connections Carefully oution Power and Regulating Transformers and Guidle Tor
check the t isformer nameplate for its rating and the con,- Short-Circuit Testing of Distribution and Power Trans-
necrtoins that car- be made to it AVoid excessive strain on the formers
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S .. ~K .'"i i~ r pr&c' ~ on~ 9.2.1 Protective Link

-_75

9.0 CCESORIS AD COPONNTSWARNING: VENT THE TRANSFORMER BEFORE DIS-
TURBING THE TANK SEAL FAILURE TO DO SO CAN

9.1 Bushings CAUSE SEVERE INJURY, DEATH OR PROPERTY
DAMAGE.

CAUTION REMOVE ALL DIRT AND FOREIGN MATE- fe fltve11Kia o-ines c,_!'gex:-
RIAL FROM ALL BUSHINGS BEFORE PLACING TRANS- T~ 'ct~ieln sa imre z c ~ x~
FORMER IN SERVICE. READ AND FOLLOW THE MAN- s DS, '"e os,:nec ro isoiare -e -a-s'o"-e~ r;'- -he s;
UFACTURER'S INSTRUCTIONS FOR INSTALLING n,:o ~s,,rr ir tlie eve"t o' a trans0'o-er 'a..': -'s.;ý -1e
SEPARABLE-INSULATED HIGH VOLTAGE CONNEC- a a fteln I snt;sno:00
TORS. DO NOT ENERGIZE THETRANSFORMER WITH oc,%oac c, seco'ý;ary faull curre,. n rctec*,,' 1_'
THE SHIPPING CAPS ON THE BUSHINGS OR IN- 85 e

SERTS. DO NOT OPERATE THE TRANSFORMER V.P is[oectic o, reýlIacna 0,otec*,vE linKE P. V,6S ýe
BEYOND THE MANUFACTURER*S RATING FAILURE -fr izri. n-stcr- e- beoe n-sur ingte tanK sea- aý c-.. -'e2 -
TO DO SO CAN CAUSE MINOR PERSONAL INJURY OR seco:-' 7 Ca~e srcl;,f be Ia~en to rrevenltr te"e,-a':e
PROPERTY DAMAGE. mnoisture or Ioreian materia'

9.1.1 Separable Insulated Connectors Fo- f..rner lechinica! informatior, refe- t.- ASE: 7: P_ -:4-2E3

Sez7a-ao,ý- -s..iarec -o-riezors mna, be universai bushinc 9.2.2 Bayonet Oil Fuse
Y~e 's -' ec-a ousnin:S o, oJsninc wells with inserts l

sa Cc 7ne. rna\ r- etnre- loa--r-eak o' nan1`-10adci-eaK Al
;'i;'; ijs! re a,\ a-'; c~ea- oC an. contamina*,io WARNING: VENT THE TRANSFORMER BEFORE

DCi'ens~katýor .,'us;5ccterminais smouic be properfyt' OPERATING THE BAYONET FUSEHOLDER. FAILURE
r-'na';:o-e~-'~5saontmnaorFolioA the rnan), TO DO SO CAN CAUSE SEVERE INJURY. DEATH OR

tac'!Jre- s t.~t an;: wa~nings on tne use o' nrese PROPERTY DAMAGE.

9.1.2 Porcelain Bushings "'r, :za,one! 0i fuse is a pvtce v.n-c" De'n' ts'e ze"'e,
c*a-' u-ce'-oi exDuis or fuse in. Thre fie.; a-,- hýas -catrEa.

Hial- ~o aze :orceia~r 0u5''n;5 iwhen vrovioec are exie'- ca::al,ht\ allov~ing i: to enerc.ze anc Qe-ener_,:v a tas
oaz;cas-etec: nos-n s v ~tr, eveool:-i\,oe ee-n

T a, 8' c a ,e s c -!e - tnr ec z - o a- -'ne n , tr b eA
a-7: a-,- :- -)c- Sru"S'; "-'81 Tnt- e, ez~ol'-ivre te--' ': o o- -; 'enrace .the fise f; z-'. :nc -'s-.

v.aýZ2o-'~ca- N, E ro- 25C Kc"-.n cane-z

9.2 Fuses -o .:e-:z'c '''c~o''et AmEE -:4 S

- 9.2.3 Loadbreak Drawout Fuseholder
WARNING: OPERATION OF A FUSE MAY INDICATE A
FAULTED TRANSFORMER. DO NOT REPLACE THE ~ ~c~:cc-onsteh-re~r cc...
FUSE UNLESS THE CAUSE OF THE FUSE OPERATION C'_-'?- mrnc *.'z: E %-.1*' . ;,-V.. 4-

IS IPOSITIVELY IDENTIFIED AND CORRECTED. IF THE C- ->. 0a1!ea a. 7
CAUSE OF THE FUSE OPERATION CANNOT BE POSI- .. ~ V ~ e~a~;c~c-
TIVELY IDENTIFIED AND CORRECTED, THE TRANS- .t

FORMER SHOULD BE REPLACED OR RE-ENERGIZED
FROM A REMOTE LOCATION. FAILURE TO DO SO -e: c'e. ac' -' !-.E ..

CAN CAUSE SEVERE INJURY, DEATH OR PROPERTY a. -Is -nE
DAMAGE.

WARNING: FUSES SHOULD BE OPERATED WITHIN 9.2.4 Deadbreak' Drawout Fuseholder
THEIR RATINGS AND REPLACED WITH FUSES HAV-
ING EQUIVALENT VOLTAGE AND TIME-CURRENT

ICHARACTERISTICS. FA'LURE TO DO SO CAN CAUSE IEEGtEUTAOAE1LSEVERE INJURY, DEATH OR PROPERTY DAMAGE. -

c-1A~M11lLEW% &
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Tc operate thle bavonet Loadjoreak Fusehoiders it is necteC to the high-low barrier, can be securely latched in
necessary to raise the Hinged iWeathercover (Flip-top) place on the inside of the cover

With) both cabinet doors fully open lover 90 degrees) Proceed with the operatinc instructions for the Bayonet
push upward on the front edge of te cover assemolv, Tilt Loadbreak Fuseholder (below)
the hingled Cover backward until the supporting arm con-

BAYONET LOADBREAK FUSEHOLDER

-WRIGOEkiW F'jEODRE.HS INSTRUCTIONS. FAILU fO00 ARE LT

OPERATING INSTRUCTIONS

A~ntr.INGvENtTiwETRANS
FIORMER S1EFORE OPERATnING3 0

TEBAYONET FUSE HOLDER1 AILURIE-TO DO'S;01:'ýAl
AUSJEI ERE,-IJUj

MA ~ I AOPER
IDAMA

VENT THE TRANSFORMER AS
OUTLINED IN SECTION 7.3

ATTACH HOT-LINE TOOL TO PUSH DOWN AND ROTATE THE
HANDLE EYE. STAND TO ONE HANDLE 90' CLOCKWISE IN THE
SIDE AND UNLOCK THE HANDLE, HOUSING TO BREAK ANY ADHE-

SION BETWEEN THE GASKET AND
THE HOUSING

TO REPLACE FUSE TO REINSTALL FUSEHOLDER

INSTRUCTIONS FOR REPLACING ATTACH HOT-LINE TOOL TO HAN-
6-FUSE ELEMENT ARE PACKED DLE EYE STAND TO ONE SIDE

WITH EACH REPLACEMENT FUSE AND PLACE THE FUSEHOLOER
FOLLOW HE FUSE M.ANUFACT- END) JUST INSIDE THE HOUSING

URERS INTRUCIONSRAPIDLY PUSH THE FUSEHOLD-
ER IN UNTIL OUST CAP SEATS
AGAINST HOUSING

DUST
CAP PUSH DOWN AND ROTATE THE

LOCKING HANDLE HOOKING IT
OVER THE SHOULDER OF THE
HOUSING

2ERK THE FUSEHOLDCEP OUT
ACOPROXIMATEYE' 7O0OPEN THE
CIRCUIT WAIT A :Et. SE-COND)S
cPO OIL TC DR;AIN BACK INTO
THE TAN4K THEN COMPýETELY
%l'1H[ORAV cUSE"OLDEP

When the bavoner ope-ations are completed release the down (The upper high-voltage door bolt should engage
lat Ch On the Hinged: Weanrercover by tilling tne cover slightly THROUGH the hole in the Hinged Weathercover
backwards Lower the cover. making sure it is all the way

Fig.4

C - 0
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CLT TYPE LOADBREAK DRAWOUT FUSEHOLDER

Dust Cap Spring Contact
I f

Hook Eye = Z f

Insulating Bayonet Contact Probe

1 QNNASSEBliE AND OPERATEfUSM 6

OPERATING INSTRUCTIONS

LOADBREAK ATTACH HOT-LINE TOOL TO HOOK EYE RAPIDLY WITHDRAW FUSEHOLDER

ASSEMBLY COMPLETELY FROM HOUSING

LOADMAKE ATTACH HOT-LINE TOOL TO HOOK EYE. INSERT END OF FUSEHOLDER UNTIL
CONTACT SPRING HAS JUST ENTERED HOUS;: RAPIDLY PUSH ASSEMBLY

STRAIGHT INTO HOUSING UNTIL DUST CAP SE-TS AGAINST HOUSING AND
GROUNDING CLIP

TO REPLACE FUSE DISASSEMBLE BY UNSCREWING FUSE FROM INSULATING BAYONET
AND CONTACT PROBE REPLACE BLOWN FUSE WITH NEW FUSE OF

EQUIVALENT RATING AND CHARACTERISTICS REASSEMBLE BY TIGHT-

LY SCREWING NEW FUSE ONTO INSULATING BAYONET AND CONTACT

PROBE

FIG. 5

NX TYPE LOADBREAK DRAWOUT FUSEHOLDER

Dust Cap Locking
Set Screws T

Hook Eye s

Insulating Bayonet Spring Contact Contact Probe

-~WRMN ASEMLEAND OPERATE iUSEHOLDEPER'1HES ý"INSIhUCT1ONS7',

OPERATING INSTRUCTIONS

LOADBREAK ATTACH HO NE TOOL TO HOOK EYE RAPIDLY WITHDRAW FUSEHOLDER
ASSEMBLY CLMPLETELY FROM HOUSING

LOADMAKE ATTACH HOT-LINE TOOL TO HOOK EYE. INSERT END OF FUSEýOLDER UNTIL
CONTACT SORING HAS JUST ENTERED HOUSING RAPIDLY PUSH ASSEMBLY
STRAIGHT INTO HOUSING UNTIL DUST CAP SEATS AGAINST HOUSING AND

GROUNDING OLID

TO REPýACE FUSE DISASSEMBLE BY UNSCREWING FUSE FROM INSULATING BAYONET

AND CONTACT PROBE REPLACE BLOWN FUSE WITH NEW FUSE OF
EQUIVALENT RATING AND CHARACTERISTICS REASSEMBLE BY TIGHT-
LY SCREWING NEW FUSE ONTO INSU.ATING BAYONET AND CONTACT
PROBE

FIG.

C-51



CLT TYPE DEADBREAK DRAWOUT FUSEHOLDER

DE -ENERGIZED OPERATION ONLY

Dust Cap Spring Contact End Terminal

Hook Eye I Fue

L1  Fuse Terminals

Insulatinc Bayonet

WARNING: ASSEMBLE AND INSTALL FUSE AND FUSEHOLDER PER THESE INSTRUC-
TIONS. FAILURE TO DO SO CAN RESULT IN SEVERE INJURY, DEATH OR PROPERTY
DAMAGE.

TO REVZx'E FUSE AC-1'-i L'NE TCO._ TO_ HOOK EVE AND VýTHDRAV, FLUSE
HODEr, S-RA;GHT OLT FRO%'. H3OUSING

TO REP-ACE FUISE D!SASSEMBLE BY UNSCREWIN- 7HE FUSE FPON -HE INSULA-ING
BAYONET PEPACE THE BLOWN FUSE V. .TH A NEI, FUSE Or EOuI-
'~A.EN- RATING AND CHARACTERISTICS REASSEME.E EV71H7

LYz REWING FUSE ONTOT4E INSULATING BAYONET

TO INS-ALL F .SE A- ACH HCT-LINE 7OOL T(7, H-OOK EYE AND PLACE FUSEHOLDEFP
INTO HOUSING PUS-i FJSE_--O.DEP IN "IRMVLY UNT;_ DUST CAP IS
SEt-E: AGAINST HOUSING AND GRO.'ND CLIýý

Fig. 7

NX TYPE DEADBREAK DRAWOUT FUSEHOLDER
DE-ENERGIZED OPERATION ONLY

Dust Cap Locking Set Screws

Hook Eye

iFuse Terminals
Insulating Bavnnet Spring Contact

-=DANOE47kDENERG1ZE THIE-TRARSFORMER MEORE REMOVING OR INSTAWNG-THEff

-SEVERE INJRY DEATH OR RPR

WARNING: ASSEMBLE AND INSTALL FUSE AND IFUSEHOLDER PER THESE INSTRUC-
TIONS. FAILURE TO DO SO CAN RESULT IN SEVERE INJURY. DEATH OR PROPERTY
DAMAGE.

- ~ ~ .IE ~ TC' HOOK EYE AN: V.THzRAV-. FUSE-

-C DEF I-C-- 0J R= INiJ-U7ING

EtO -C,- -E-EHE E-OWN FUSE V', T1- A NEV'. J-SE ,:E.-
-"A~zC-ERISTICS REASSEM-EE E, Ti3-7

- So: NOF.S= ON-C THE INSUA7ING BAYONET

'r-- :L C~S- 'C-_% 71N -- -0 HOOK EYE ANZ ý-luc--j %.-OL'E

IN-C --- SIN P'-S- IUSE-0:ýER IN [II;-'' S- CAI S
SE-7E: GAINS- -0-ISIN'- AN:- GROUND CL:

C -5
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EFD LOADBREAK DRAWOUT FUSEHOLDER

Alignment
Ridges A.. u Hook

1i Eye

4 Brass
Fuseholder - lScrews
Assembly -

WARNI1NG. ASSEMBLE AND OPERATE FUSEHOLDER PER THESE INSTRUCTIONS. FAILURE TO DO SO CAN RESULT IN -

SEVERE INJURY. DEATH OR PROPERTY DAAEAg ~ - ~ ~

OPERATING INSTRUCTIONS

LOADBREAK ATTACH HOT-LINE TOOL TO HOOK EYE RAPIDLY WITHDRAW FUSEHOLDER ASSEMBLY COMPLETELY
FROM HOUSlNZa

LOADMAKE A-rTAC-,AOT-LINE TOOL TO HOOK EYE CAREFULLY POSITION ALIGNMENT RIDGES IN THE CORRESPOND-

I NG GROOVES OF THE HOUS!NJC, RAPIDLY PUSH THE ASSEMBLY INTO THE HOUSING UNTIL BASE OF HOOK
EYE IS FLUSH WITH HOUSIN',

TO REPLACE FUSE ONLy REPL' - SE WITH FUSEHOLDER WITHDRAWN FROM HOUSING. DISASSEMBLE BY REMOV-
ING THE -: F":S SCREWS AND SHROUD. RE:'LACE BLOWN FUSE WITH A NEW FUSE OF EOUAL
RATlNI - A' - HARACTERISTICS REASSEMBLE mVTH PARTS ORIENTED AS SHOWN RETIGHTEN THE1
4 BRA ý SCREWS

Fig. 9

This device corr'-nes Ine hiah interrupting capabilities of a 9.3.1 EFD Switch
general purpos, current-limiting fuse with a dry-well fuse- ThEF(xtralFueDicnctisnarisltd
noider The aeadoreak drawout is normally mechanically Thdbea swi(Etehraalalyued Disornct rasa aee aisingluplae).d

interloCkec! with a loadbreak switch Once the transformer is odraswthvilbefrailfed(ngePe)A

de-enero ý ed r-v operat ion oft the load break switch the safety generai purpose current limiting fuse or a solid blade is pro-

baffle may be slid to the side, permitting access to the vidled in the transformer connecting Pole The switch con-

fuseholdler tacts are opened by drawing out the connecting Pole so that
they are completely free o0 Ie Switch housing. leaving a

To rep~lace the fuse, follow the instructions shown in Figs 7 visible disconnec!
ar-c 8

To operate or replace the fuse follow the instructions
For futh)e, technnica1 information, refer to ABB TPL 44-837 shown in Fig 9

9.2.5 Internal Partial Range Current-Limiting Fuse 9.3.2 LBOR Switch
The internal partial ranoý :Zurrent-limtintiO fuse is used in ThABLORiagn-petdtwpciinrayOi

series w~na lOv current jnterru~tinic device. such as a protec- swthThe switchO is aaroperated.b atwacin ahot-ine toolr toi

tive link or t~avoriet The partial rang -e fuse is designed to clear swthTewicisoradbytann aolietoto
low moeanc i nn-crret tul~swit th expulson use the external hook eve handle and rotating to either the'open'

vea-,c arii rl~c lr'renL-ance ?awt!s or overloads When or closed' position i refer to Fig 10i Circuit con nections are

P'O~erhý avpleZ he: Ic-artia' rande fuse will OnlN operate to, shown on the transformer nameplate

inlenrar tvansf-e, 'ail:~s Ucon ove-ation of a Dartial range For fulher technical information, refer to ABB T PL 44-834
fuse 'T s recor'-rnoena tne unit be removed from' service and
retirnez tc t-E ABE Pcwe- T&D Company Inc 'or repair

9.3 High Voltage Switches0C

WARNING: WHEN DE-ENRIIGTETAS
! FORMER, DO NOT RELY ON SWITCH POSITION OR.

OTHER VISUAL INDICATORS. ALWAYS ASSUME -

THAT TERMINALS ARE ENERGIZS UNLESSrCHECKED AND GROUNDED. CONTA WITH AN -
UNGROUNDED TERMINAL CAN CAUSE E _ECTRICAL'v
SHOCK, BURN OR DEATH.*4. . ________ __________

Fig. 10
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9.3.3 Tap Changer (Hookstick-operable) On a oual voltagie switch Positon 1 is the lOvi or multiple
connected position while position 2 is the high or series
connectec: positon To change the voltagte position. Proceec:
as follows Irefer to Figlure 12)

A De-energize the transformer

AU& 8 Back out the locking screw until it is clear of the locking

hole

Trio lap cnanae, provides a means of changing the voltaae C, Pull out on the handle until it will rotate

ralio of a transformer Thnet tra-isformers are normalliy supplied C Rotate the handle to the new positon
witl, an eXtefna!'v ope'atec hcl voltaoe tap changer, located
near the high- voitag& o..sninc To change laps proceed as E Release the handle

follows (refer to Fig 11) Tighten the locking screw to minimize the possibility of
unintentional movement

A De-energize the transformer

B Back out the locking screw until it is clear Of the locking
hole

C Turn the handle to the desired tap position

0 Tighten the locking screw to minimize the Possibility of
unintentional movement 2

Some large-size units are furnished with a power-trans-
former tap changer w'ive whlicr requires pulling of a locking
Pin and a full turn Of the handle for each change in tapC
position

LOCKING SCREW

20 04Fig. 12

9.3.5 Arc-Strangler Fused Switch

Arc-Strangler fused switch is mounted in the high voltage

compartment The fused disconnect (s) will have NX current.
limiting fuses Follow the McGraw Edison (Cooper

10 C industries) instructionrs for opicating these devices.

'Aý CGEA9.3.6 S & C Fused Switch

ARNING: U1SE THE SX9_CtOADBU STER TO0i dqj

I E RA T LE_ .. DIS C O N N E C T Z F A JL U R EZ T O .;D O .S O !m

C AN-CAUSE SEVERE INJURYEAHO RP TY

Fig. 11 D)AMAG E. T~-2- --

9.3.4 Dual Voltage Switch (Hookstick-operable) When an S & C fused Switch is used. follow the manufactur-
er s instructions for operating this equipment

__________________________________________ when operated with the S & C loadbuster tool, this disconnect,

LWARNINMG5 DE-ENERGIZE THE:ThANSFORMER BE-_I functions as a loadbrealk Switch
imwRopimAinioa THE- DUAL-VOLTAGE -SWITCH:-

~FALURIETTO: SODOCAN CAUSE-SiVERE3INJU -Y 9.3.7 Surge Arresters
EDEATk O:RPROPERTY DAMAGE�� 41`4

~~ The funct ion of a surge arrester is to intercept and divert to
ground various overvoltage transients (such as lightning

WARNING.rNNE7 =HAG~iNG VOLTAG PosrrdNT surges) which occur on the distribution system

E.F~ES~LYHAETOEREPACEWI!HHOSOFIThe arresters must be disconnected whenever high poten-
THE PROPER RATnOL&THE USE OF AN IMPROPERL tial or induced Potential tests are made on transformers with

1RATIEDIUWECAN arresters

ZOR E ~mFor further technical information, refer to ABB PL 44-921
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9.4 Low Voltage Oil-immersed Circuit Breaker 9.5 Pressure Relief Device

The lowA vo!*.aae o,;-;-'me~sec Circuit o'eake, is clesigned to The standarc pressure relef device located on tne tank
coern fie Iciv i_,laqe c~rc. 7 or. seconoa1% fajitIs or e-Cessive above the iiauic ie\ve rei e~es ekcessive irte-na tani, Dres-
ov~e'ioaos Tnl- oj voctaae n'eave, is not intended to -rotect. sure and reseals a' a lowe, ra5ie Press,;,e Tn pressuire
seconoavý im& vot:ade circuits arid connected apparatus reiiel device is manually operaieni zoý oaso'1; tne eno-caz: (0'
(meters, service, enTrance eQuiziment etc !from toermai and. ring it provided.j and Siovwy p_ in0 Ine car awa\ fro- tone
macnetic e'tecis die tc snort circuit and overloads Tne tank untf pressure is re evedc
orealler is primaro* a protective device desicned for onlý
occasiona: sv,1tcrincoperationis as SuCO' i: s not intendledto' 9.6 Thermometer
tre-,uen' wveeily 0' daly switchnc cuty% The nandiE is When supplied a thermometer indicates the licuid! tempera-
located in Itne loA voliaaoe comoartmen: ano SnouiC oe ope- ture near tme too of mhe tank The temperature sensitive ele-

weý wtr, r~c-hnEtooýment is mnounted in a leaK Drool wel; permittino remova oftoe
thermometer without lowering the liouid leve: The device is

CAUTION: WITH THE SECONDARY CIRCUIT OPEN. furnished with an additional pointer. red in color, to show toe

THERE MAY BE SUFFICIENT COUPLING TO THE higines! temperature attained: since (as' reset

WINDING TO CAUSE SHOCK FROM THE SECONDARY
TERMINALS. GROUND THE OPEN SECONDARY TER- 9.7 Liquid Level Gauge
MINALS BEFORE WORKING ON TrHE SECONDARY When supolied. a liquid level gaide is located in the low
SERVICE. vo::acje compartment to indicate toe variation. fror- toe 25

degree C liquid (eve.

Prio' to transformer installation reset the breaker by open-
ing and closing it as folows (refer to Figi 13i 9.8 Pressure-Vacuum Gauge
"* To oper, toe breaker manually. rotate the handle so that the When sucolied a pressure cauge is locatec in toe lowr voltage

pointer moves from the closezi to toe open positon compartment anove toe bushings in toe air space The gaugle

"* To close toe breake'. rotate toe handle past the open indicates vi nether toe gas space in the tank is under positive
position (to reset the bealker) then back through toe open o, negative pressure

position to the close-c position

If a fault o, excessive overload exists the breaker will trip 9.9 Nameplate
out even, though toe handle is held in the closed position A nameplate is supoliec on each transfo~rne, according to

Folowic atre~etrpou cletoa Inater ovrlod. he ANSI standard C57 1,2 OCO-196. Section E 12 Refer to the
Following ao trreaoree triinut due- tope aclngnermveloanth

transformer o', may no-, nave had time to cool sufficiently to 0 ael~tta~orertg~n ooe oncin
alloAi toe breake, latzh tc be set maKing it impossible to 0o the transformer to the sy'stern N: inte-nal connections
reclose the o-eaKe- imnmedatelv should bE made inside the transformer other toar Tnose

shown on the nameplate

CAUTION: AN EMERGENCY CONTROL HANDLE IS
PROVIDED TO RECALIBRATE THE BREAKER TO A 10.0 MAINTENANCE
HIGHER TRIP TEMPERATURE. THIS HANDLE A periodic visual inspecton ol toe transformer is recoin-
SHOULD BE USED ONLY WHEN ABSOLUTELY mended: At such times thedcene's, condition of toefoilowing
NECESSARY AND FOR AS SHORT A DURATION AS should be noted
POSSIBLE. BECAUSE ITS USE CAN CAUSE A SIGNIF-
ICANT REDUCTION IN TRANSFORMER LIFE. A. High voltage bushings

6 Low% voltaoe puS hinds
7ne breaker ca-. be reza'_-ate-d to the e'ne'czncv Dosition C Arresters (if d'ovidedi,

by renovind toe mete, seaý and rotatog tone er-erdency con- D Enclosure integrity (hingies. locking provisuons cor'o-
tro) na-diJe dclcwise -0 rese'. toe n'eaier to its previous sion etc)1
se*,tinc return toe eme-dency contro nandie to the ordainal E Evidence of oil leakaoe
:51 ýto_ 1* it rez(n-P-p 1C t2, a new& sea' Osý aoned to the c: G'ou~nd conenecrics
na-de( Vie- l is 'et'-e:; IC 1-F no-iaa position, to avoid G Accessories
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